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PREFACE
This volume of the Martin Marietta Corporation's Voyager Capsule Systems
Final Report provides the results of the Surface Laboratory System preliminary
design studies. In the performance of this Phase B study effort_ Martin Marietta
was assisted by RCA Astro-Electronics Division in the communications subsystem
area 3 and Bendix Aerospace Division in the science subsystem area who also pro-
vided overall general assistance in Surface Laboratory design.
This volume consists of four sections: Section I_ Surface Laboratory;
Section llj Preliminary Design for OSE; Section lllj Implementation Plan; and
Section IVj Test Program.
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i .0 SURFACE LABORATORY MISSION CONCEPT
The 1973 Voyager mission to Mars is the first in a planned and integrated
program to conduct experiments on the Martian surface. This first step will
begin to bridge the gap that is inherent in the quality of information obtained
from remote observations. Later missions will proceed on the results of the
first in planning experiments of greater sophistication and refinement.
With the question of life on the planet being of fundamental importance to
the Voyager Program, the 1973 Surface Laboratory must provide data in the
following broad categories:
i) To investigate the postulated surface features of Mars and changes
occurring during one diurnal cycle
2) To identify any connecting links between the Martian surface and
possible stages in the evolutionary development of life
3) To provide data on the adequacy of experimental techniques, and the
capability to extend areas of investigation.
The Surface Laboratory for each Voyager mission must have current state-of-
the-art capability to provide data that are not degraded in quality by experi-
mental methods. For the 1973 mission, this capability is represented by a
Surface Laboratory operated at a fixed landing site for a period of approximately
50 hr. Later Surface Laboratories will have dual benefits of improved knowledge
of the Martian surface and improved capability for extended operating life. A
mobile Surface Laboratory that allows great freedom in experiment design is en-
visioned.
Voyager presents unique opportunities to biologists and a biological program
for the exploration of Mars as illustrated in Fig. i-i.
The technological base for the search for extraterrestrial life must draw
deeply upon the terrestrial example. In this respect, the known technology
can be included in seven categories: (i) physical and chemical measurements
of the environment of biological significance, (2) identification of simple pre-
biological compounds, (3) imaging to detect organization suggestive of life, (4)
identification of known or suspected biochemicals, (5) detection of metabolism,
(6) detection of growth, and (7) detection of reproduction.
At one end of the spectrum of strategies prime emphasis for early Voyager
missions is placed upon physical and chemical analyses of the planetary environ-
ment. The rationale for this approach to the ultimate detection of extrater-
restrial life is based on several factors such as the yet unknown environmental
i-i
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parameters of Mars which may cause failure of life detection
ceived in that ignorance.
The other pole of the life detection philosophy spectrum is centered about
the inclusion of direct tests for extraterrestrial life in each Voyager planetary
payload. Indeed, the payloads would be designed primarily for this purpose.
Chemical and physical assays of the environment would be accommodated on a space
available basis only. This plan is based on the importance of obtaining informa-
tion on the existence of life at the earliest possible moment for the purposes
of answering this question and to expedite the entire biological program with
the impetus that only a positive answer can provide.
• WHAT EVOLUTION HAS
TAKEN PLACE?
• WHAT IS THE EXACT
NATURE OF THIS
• DID LIFE ORIGINATE LIFEFORM?
INDEPENDENTLY OR I
BY INTER-PLANETARY • HOW DOES THIS LIFEFORM
TRANSFER? INTERACT WITH TH E
J ENVIRONMENT?
/
• WHAT IS THE LEVEL /
OF EVOLUTION? • WHY HAS THE lI DEVELOPMENTOF LIFE BEEN
• WHAT IS THE EXACT YES
NATURE OF THE IMPEDED? I
LI FEFORM?
• WHY DID LIFE
BECOME EXTINCT?
HOW DOES LIFE /
INTERACT WITH THE /ENVIRONMENT? Y ES_ NO1
• IS THERE EVIDENCE
/
OF PAST T.T LIFE?
CLOSELY RELATED TO TERRESTRIAL.
TYPE LIFE?
I
• WHAT IS THE PRESENT
LEVEL OF CHEMICAL
EVOLUTION?
• WHY DID THIS
LIFE BECOME
EXTINCT?
/YE m O-
OF EXTINCT ALIEN
LI F EFORMS?
• IS THERE EVIDENCE OF
SOME ALLEN LIFEFORM?
YES NO
I
• ARE THERE AREAS ON THE MARTIAN
SURFACE CONDUCIVE TO LIFE AS
WE KNOW IT?
Fig. I-i The Biological Exploration of Mars
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It is difficult at this time to anticipate the final selection of the Voyager
1973 scientific payload with respect to the preceding discussion. Accordingly,
this study has sought to incorporate considerable flexibility to meet the final
objectives of the scientific payload. It recognizes the importance of life de-
tection experiments as well as the necessity for obtaining planetary environmental
measurements to improve the knowledge on which to base second generation life de-
tection experiments.
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2. SURFACE LABORATORY SYSTEM
This subsection describes the preferred Surface Laboratory configuration
selected by Martin Marietta during the Phase B study, the requirements and con-
straints used in the study, a summary of the studies and analyses affecting the
system configuration, and the rationale for the preferred configuration.
The principal features of the preferred configuration are:
i) Life on the surface of Mars of two diurnal cycles for the 1973 mission and
collection and transmission of up to 20 x 106 bits of data per day
2) Communications capability direct to Earth and relay through the Space-
craft
3) No single failure mode in the Surface Laboratory will cause loss of all
landed science data
4) Communications concept, available space envelope, and power distribution
are standardized for the decade
5) Data compression in the science data subsystem increase the value of
science experiments
6) Modularization has resulted in simple interfaces between the Capsule Bus,
Spacecraft, and Spacecraft-Mounted Support Equipment
7) Detailed analysis of science requirements and available instruments has
resulted in the selection of science experiments that will provide a
maximum amount of information concerning Mars and its environment
8) Remote programing capability of Surface Laboratory stored programs before
separation and after landing.
2.1 Surface Laboratory Requirements and Constraints
The requirements and constraints on the Surface Laboratory include those from
the customer* and those derived by Martin Marietta during the Phase B study. Items
that have a major impact on the selection of a Surface Laboratory configuration
are summarized in Table 2.1-1. The requirements and constraints that influence
the individual Surface Laboratory subsystem configurations are provided with the
detailed subsystem descriptions in paragraph 3 of this section. Detailed environ-
mental requirements are in the Appendix to this section.
"1973 Voyager Capsule System Constraints and Requirements Document_ Revision
_, dated June 12, 1967
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Table 2.1-1 Surface Laboratory Requirements and Constraints
General
Sterilization
No single failure will
cause loss of all Surface
Laboratory data
Completely automated
Standardized electrical/
electronic support
subsystems
Prelauneh
Environment
(see Appendix)
Completely tested
before launch
No physical access
from heat sterilization
through launch
Committed to launch
before delivery to
launch pad
Mission
Environment (see Appendix)
Update before Spacecraft
separation
Initiation from Capsule
Bus
130 ib minimum for science
Landed mission: one diurnal
cycle plus data transmission
time for 1973 with future
missions up to 24 months
Scientific data transmission
of 5 x 106 bits per day
with growth to 30 x 106
per day
Completely reprogramable
before Spacecraft separa-
tion & after landing
Capable of operating at any
latitude between i0 ° N &
40 ° S on slopes up to 34
deg
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2.2 Preferred Preliminary Design
Martin Marietta has conducted trade studies and analyses necessary to evolve
a Surface Laboratory preliminary design. The Surface Laboratory subsystems and
general interfaces are shown in Fig. 2.2-1. The preferred design is summarized
in the following paragraphs. The details of the preferred design and the support-
ing rationale are in paragraph 3 of this section.
2.2.1 System Definition
The Surface Laboratory contains the equipment necessary to conduct scientific
experiments on the surface of Mars with support subsystems to provide power,
thermal control, data collection, and data transmission to Earth for two diurnal
cycles. During the landed mission, the Surface Laboratory will deploy instruments,
perform experiments, and transmit data in support of the following scientific
activities:
i) Panoramic and closeup television images
2) Composition, pressure, temperature, humidity, and wind velocity of the
Mars surface atmosphere
3) Solar radiation
4) Surface soil and subsurface gas composition
5) Life detection on Mars.
The Surface Laboratory (Fig. 2.2-2) is located near the center of the Flight
Capsule landing stage. The Capsule Bus landing stage is open on the top and at
both ends for Surface Laboratory mast deployment and sensor view angles. Suffi-
cient access on the lower surface is available to permit sample acquisition from
the surface and deployment of experiments to the surface for in situ measurements.
The subsystems of the Surface Laboratory are structures and mechanism, thermal
control, command and sequencing, landed science, telemetry, communications, power,
pyrotechnics, and cabling.
Before landing, all deployable masts, experiments and sample acquisition
probes are stowed within the available Surface Laboratory envelope. After land-
ing, the deployment functions are performed in accordance with the preplanned
sequence.
The Surface Laboratory is automatically sequenced throughout the mission by
the sequencer/timer and the science data subsystem. Complete reprograming capa-
bility of both is provided through the command link from the Earth. Science and
engineering data are transmitted directly to Earth or relayed through the Space-
craft as the applicable communications window is available. Battery power is sup-
plied for a mission duration of 50 hr.
_TI_A_O_7"r'A _O_O_T_O_
DENVER DIVISION
2-4
J
i
4J
cj
o
0
.4
%c
>_ cc
CO
r-
,-4 _ ¢0 •
•_ 0
cn <D _5 _
0
I _
FR-22-I03 Vol III Sect I
,-4
_ o
0 0
L_ _D
l I
$o=
o]
0
.,_ '_
'_g_
b4 _ C..D
L_
0
_J
u
0
0
0
U3
T
_M
o4
MARTIN MARIE'IT"A CORPORATION
DENVER DIVISION
Surface Soil & Subsoil
Gas Collector
Metabolism
Detector
I t
FR-22-I03 Vol III Sect I
Atmosphere Experiment
Lvl
-- Panoramic TV Camera _Y I
/
Scattering
Alpha _ __,_
II I I I
I I I i
Planet Surface Ill I I i
,_l._ l ILl i I
[-1
!
I
F
I
L
Fig. 2.2-2 1973 Surface Laboratory Deployed Position
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Figure 2.2-3 is a schematic showing the subsystem relationships and inter-
faces with the Capsule Bus, Spacecraft, and Spacecraft-Mounted Support Equipment.
A summaryof the Surface Laboratory subsystemweights, based on the reference
configuration described is given in Table 2.2-1.
Table 2.2-1 Surface Laboratory Weight Summary
2.2.2
Subsystem " Weight (Ib)
Structures & Mechanisms
Thermal Control
Command & Sequencing
Landed Science
Telemetry
Communications
Power
Pyrotechnics
Cabling
91.0
70.0
30 .i
177.6
33.9
ii0.4
283.3
14.0
49.9
Total Surface Laboratory Weight 860.2
Misszon Functional Sequences
Between launch and Spacecraft separation, the Surface Laboratory is provided
regulated power from the Capsule Bus for thermal control and battery charging.
Also, television Vidicon cathodes are periodically activated for five minutes
each 30 days to prevent cathode poisoning. This is accomplished by a periodic
Spacecraft command to the Capsule Bus power management unit that, in turn, ap-
plies power to the Surface Laboratory television Vidicon cathodes.
Upon attaining and verifying the Mars orbit, it may be necessary to update the
Surface Laboratory stored programs because of orbit deviations or landing date
constraints. The reprograming is completed before the initiation of the Flight
Capsule separation sequence and after the final orbit adjustments are made. The
reprograming results from ground-initiated commands through the Spacecraft com-
mand system to the Surface Laboratory command and sequencing subsystem. Power
for updating is provided by the Spacecraft and regulated by the Capsule Bus power
management unit. The updating is verified as it is received at the Surface
Laboratory command decoder and the capability is provided to command a readout of
the stored programs with the data directed to the Spacecraft for transmission to
Earth.
During the Flight Capsule separation, deorbit, and entry sequences, the Sur-
face Laboratory is still passive. The Surface Laboratory equipment power switches
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are transferred as a result of positive redundant commands from the Capsule Bus
at initiation of vernier engine thrust. Initiation of the Surface Laboratory
sequence is commanded from the Capsule Bus at termination of vernier engine
thrust.
Following touchdown, the sequence of events for the Surface Laboratory is a
combination of science and engineering operations resulting in the transmission
of up to 20 x 106 bits of data to Earth per day. A typical sequence of landed
events is shown in Fig. 2.2-4. The constraints and requirements used in develop-
ing the sequence of events are:
i) Provide a completely automatic sequence of events that will maximize in-
formation return in the event a direct command link is not established
2) Provide no power to the Surface Laboratory during separation, deorbit,
and entry phase to preclude inadvertent operation that might jeopardize
the Capsule Bus or Surface Laboratory mission or consume Surface Labora-
tory mission or consume Surface Laboratory power unnecessarily. (Capsule
Bus power will be provided to the Surface Laboratory thermal control
subsystem)
3) Surface Laboratory power transfer and initiation will be accomplished by
commands from the Capsule Bus rather than by self-initiation to provide
a reliable start sequence
4) Initiate Surface Laboratory UHF communications, experiments, and TV
immediately on landing to provide data back to Earth through the Space-
craft while the initial relay link is available
5) Erect the S-band antenna mast during the initial UHF link to view on TV
or provide data concerning mast status
6) Erect the S-band antenna pointing system gyros and position antenna to
the Earth rise elevation and azimuth before the first sunset
7) All operations in the science subsystem will be controlled by the science
data subsystem
8) All operations or events, including engineering data output, external to
the science subsystem, will be controlled, sequenced, or provided by the
command and sequencing subsystem.
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2.2.3 Structures and Mechanisms
The Surface Laboratory structure (Fig. 2.2-5) supports the landed science
experiments and support subsystems in a heavily insulated 36x50x57-in. thermal
compartment with as many of the components as practical mounted on the inside
for environmental protection. The structurally independent box is mounted on
two Capsule Bus transfer beams with three attach points designed to transfer no
loads resulting from Capsule Bus deflection. The 1973 Surface Laboratory is de-
signed to carry no Capsule Bus structural loads. Because there are several
experiment components with field of view constraints, space is provided on all
sides of the box to allow component installation within the envelope. A 2-in.
space on the top allows design flexibility for experiment mast deployment. The
simple box shape was used for ease of design and development and maximum economy
in manufacture.
The preferred approach to the thermal compartment, is a composite structure
with aluminum and glass fiber-phenolic faces and glass fiber-phenolic internal beams
with webs stiffened by the polyurethane foam insulation. The inside faces of the
box are aluminum to increase heat distribution and the external faces are alumi-
num to provide greater erosion resistance to blowing dust than glass-fiber-phenolic.
Except for the lid, the Surface Laboratory box is an integral structure.
The Surface Laboratory subsystems are mounted in six standard packaging modules
inside the basic structure. The standard modules facilitate installation, removal,
and checkout of each subsystem with minimum interference with other subsystems.
2.2.4 Thermal Control
The Surface Laboratory thermal control system (Fig. 2.2-6) includes insula-
tion, surface coating, phase-change material, and thermostatically controlled
electric heaters. The system consists of:
i) 4 in. of insulation over the exterior of the Surface Laboratory System
2) A special geometrically blackened surface on the outside of the exterior
insulation
3) 3 in. of insulation on the battery, biological analyzer and gas chromato-
graph compartments
4) Thermostatically controlled heaters in the four compartments. The heaters
are wire mesh blanket heaters
5) Phase change material on the S-band transmitter and biological analyzer
6) High emissivity coatings on all internal equipment
7) Insulation and thermostatically controlled heaters on the external equip-
ment that requires thermal control.
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Fig. 2.2-6 Surface Laboratory Thermal Control
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During terminal heat sterilization, the Surface Laboratory is installed in
the Capsule Bus. To bring the Surface Laboratory to sterilization temperature
in a reasonable time, internal sterilization heaters are used. From launch to
separation of the Capsule Bus from the Spacecraft, the Surface Laboratory is
thermally controlled by the Capsule Bus thermal control subsystem.
At separation, the Surface Laboratory is exposed to the space environment
along with the Capsule Bus equipment. The Surface Laboratory temperature drops
a maximum of about 15°F during descent. To ensure that the Surface Laboratory
is within acceptable temperature limits at landing, all the thermostatically
controlled heaters are powered from the Capsule Bus during the descent phase.
On the Mars surface, the heaters and insulation maintain the equipment above the
low temperature limits. The phase change material and equipment heat capacity
are adequate to prevent overheating.
Temperatures in the Surface Laboratory main equipment compartment are main-
tained between 25°F and 135°F. Temperatures in the battery package are maintained
between 50°F and 90°F.
2.2.5 Command and Sequencing Subsystem (CSS)
The Surface Laboratory command and sequencing subsystem, as shown in Fig.
2.2-7, is a single package containing a memory-oriented sequencer and a func-
tionally independent command decoder.
The sequencing function is based on the sequential issuance of a stored
program in response to initiation and subroutines that will initiate activities
in response to UHF beacon receiver signals and S-band beacon receiver signals.
The sequencer/timer memory also contains high-gain antenna pointing and antenna
earth tracking command which adjusts antenna elevation during the erection program
and tracks Earth during the S-band time window. The sequencer/timer contains a
day-night sensor for those functions sensitive to day or night conditions.
The sequencer/timer has a memory capacity of 150 words at 24 bits per word.
The subsystem, responding to either UHF or S-band command receivers will provide
the system delays and switching logic to initiate the communications in the proper
mode. If a beacon signal has not been received in a fixed time period, the se-
quencer/timer will switch communications to backup modes. The sequencer/timer
provides commands to the pyrotechnic system to arm, fire, and safe pyrotechnic
circuits. It also provides discretes to the telemetry subsystem to provide cor-
rect telemetry mode for transmission of all Surface Laboratory data and storage
of engineering data.
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Fig. 2.2-7 Surface Laboratory Command and Sequencing Subsystem
MARTIN MARIETTA CORPORATION
DENVER DIVISION
FR-22-I03 Vol III Sect I 2-19
Timing synchronization for the entire Surface Laboratory is supplied by the
sequencing function. The scientific experiments are sequenced and controlled
by the Science Data System, which is initiated by the sequencer/timer. The
sequencer/timer memory is nonvolatile during power transients or power dropouts.
Functional redundancy is provided through a program stored in the command de-
coder memory.
The command decoder provides the command link decoding function for the en-
tire Surface Laboratory before Spacecraft separation and during the direct com-
munications period after touchdown on Mars. The decoding function will accept
command inputs either from the Spacecraft or the Surface Laboratory communica-
tions subsystem. It accepts or rejects the command words and directs the accepted
words to the final address. The decoder provides status of the accepted or re-
jected word to the telemetry system for transmission to Earth. The decoder is
capable of issuing I0 real-time commands.
In addition to decoding, the command subsystem will control the mobility
functions during later missions. To accomplish this, a memory has been added to
the command decoding subsystem. This memory has a capacity of 150 words of 24 bits
per word. The memory will be programed to back up the sequencing function and
will also contain a backup program for erection of the high-gain antenna to be
used if the prime erection function fails.
The command decoder has error detection capability of 4.6 x 10 -8 bits and
reliability is provided by internal redundancy. The command decoder memory is
nonvolatile during power transients or power dropouts.
2.2.6 Surface Laboratory Landed Science Subsystem
The landed science subsystem (Fig. 2.2-8) includes science instruments, sample
acquisition and processing equipment, and the science data system. The location
of the science instruments is shown in Fig. 2.2-2.
The scientific instruments are capable of performing visual imaging, atmos-
pheric measurements, surface and atmosphere analysis, insolation measurements, and
life detection experiments. Specific instruments are:
i) Gas chromatograph mass spectrometer (soil and atmosphere composition)
2) Alpha-scattering spectrometer (soil composition)
3) Multichannel radiometer (insolation measurement)
4) Atmosphere temperature, pressure, and humidity sensors
5) Sonic anemometer (wind velocity and direction)
6) Two television cameras (surface imaging)
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7) Metabolism detector (life detection)
8) Biological analyzer (life detection).
The gas chromatograph and mass spectrometer are connected in tandem. This
combination removes ambiguity in discriminating elements. These instruments are
used for analyzing atmospheric and subsurface gases and pyrolyzed gas from soil
samples. The alpha-scattering spectrometer is used for soil sample analysis i___nsitu.
This instrument can uniquely identify most elements in the periodic table.
The insolation instrument is a six-channel ac radiometer which measures the
intensity of solar radiation over the wave length region of 1050 A to 7000 A.
Wide angle viewing elements are used, precluding any pointing or tracking require-
ments.
The atmospheric parameter measurements are obtained by a platinum resistance
thermometer, a diaphragm pressure sensor with capacitance output, an aluminum
oxide hygrometer, and a sonic anemometer.
Two television camera units employing vidicon imaging tubes are included in
this subsystem. One camera is located on the side of the Surface Laboratory to
obtain pictures of a footpad and the sample acquisition site. The second camera
is located on the high-gain antenna mast to provide panoramic viewing. High res-
olution pictures are obtained by electrical zooming.
The metabolism detector is deployed to the surface beneath the Surface Labora-
tory. This experiment detects the evolution of radioactive gases as end products
derived from labeled substrates metabolized by microorganisms.
The biological analyzer contains two complementary experiments -- an ultra-
violet spectrophotometer experiment and an ultraviolet polarimeter experiment.
The spectrometer examines an absorption spectrum over the range of 1850 to 3500 A
using a xenon lamp source and a photodetector. The polarimeter experiment deter-
mines the degree of optical rotation in the 2700 to 2900 A region using a filtered
xenon surface and a polarmetric analyzer. Both experiments detect the presence
of organic micromolecules rather than any specific life process or function. In
addition, backup atmospheric measurements are provided to obtain gross atmospheric
data in the event of a primary instrument or SDS failure.
The sample acquisition and processing (SAP) equipment includes a subsurface
drill, probe, surface soil collector and sample transport mechanism, subsoil gas
sampler, subsurface temperature measurements, and sample processing and distribu-
tion mechanisms. This equipment will be used to collect, transport, process, and
distribute samples of the Martian atmosphere, surface soil, and subsoil gas to
those experiments requiring samples. A processing capability will render samples
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to the state where atmospheric and soil analysis can be made. Sample weighing
and volumetric measurements will be provided where required by the experiments.
The acquired samples are used in the gas chromatograph/mass spectrometer and
the biological analyzer.
The science data subsystem consists of an internally redundant general-purpose
digital computer, the required input/output components, and two tape recorders.
These units provide the science instrument and SAP control, data conditioning,
encoding and formatting, data storage, and limited data compression for science
data. All data are stored on tape for readout when the communications links are
available. Two recorders are included for redundancy and to permit simultaneous
read and write capability. Serial digital data are provided in three selectable
bit rates to be compatible with the communication capability. Data rates provided
by the SDS are 3.6 kbps for the relay link, and 224 and 448 bps for the direct
link. The data from the sonic anemometer, gas chromatograph, and the alpha scatter-
ing experiment are compressed.
2.2.7 Telemetry Subsystem
The Surface Laboratory telemetry subsystem (Fig. 2.2-9) is a hybrid system
accepting low level (0-50 mv) and high level (0-5 v) signals. The subsystem con-
sists of signal conditioning equipment, a primary data encoder, an emergency data
encoder, a O to 5 v transducer power supply, and a battery measurement multi-
plexer.
This equipment is used in six distinct modes of operation:
i) The primary data encoder provides a ll2-bps data transmission mode con-
sisting entirely of engineering data and the backup science environmental
data. This mode is used during the initial high-gain antenna acquisition
and pointing operations
2) The emergency data encoder provides a 2-bps data transmission mode con-
sisting of engineering and backup science environmental data
3) The normal direct link transmission mode consists of the data in Item i)
time shared with science and engineering data from the SDS. Time shar-
ing is controlled by the SDS so that unavoidable blanks in the science
data stream are used by data from the telemetry primary data encoder. A
minimum of seven complete frames of these data will be transmitted each
15 minutes. Data rates of 224 or 448 bps are available in this mode
4) A data mode similar to that described in Item 3) at a 3584-bps rate is
provided for use with the relay link
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5) A data storage mode collects, processes, and stores one frame of data for
Item i) each half hour during the nontransmitting periods
6) The battery measurement multiplexer is used to support initial battery
charging after heat sterilization. It has a 176-channel capacity and
is controlled and powered by the OSE.
The data mode and rates for Items i) thru 5) are controlled by the command
and sequencing subsystem either automatically or by ground command. The primary
data encoder includes a 56,000-bit static storage to store data collected during
the nontransmitting periods. Data collected by the encoders are combined with
sync information into a single data stream and transmitted to the applicable com-
munication subsystem modulators.
2.2.8 Communications Subsystem
The Surface Laboratory communications subsystem (Fig. 2.2-10) provides for
two-way communications direct to Earth and a relay data link through the Space-
craft to Earth. The direct links are in the S-band compatible with the DSN, and
the relay link is in the 400 MHz range. A doppler tracking capability is incor-
porated in the direct link.
The direct link consists of a high-gain steerable antenna system, an omin-
directional antenna, redundant command receivers and detectors, redundant trans-
mitters and modulator-exciters, an M'ary modulator, the necessary switching ele-
ments. The high-gain antenna is a 30-in. diameter parabolic dish, using four gim-
bals for erection and steering, and having a half-power beam width of about 12
deg. Capability is provided to maintain pointing after the malfunction of any
one gimbal. The 112-, 224-, and 448-bps telemetry data are transmitted through
a 20-w transmitter, into the high-gain antenna. The ll2-bps rate is used until
fine pointing is accomplished, then one of the higher rates, depending on Earth-
Mars range, is used. Coarse pointing of the antenna is accomplished automatically
from information stored in the Surface Laboratory sequencer/timer. Initial fine
pointing is accomplished from the Earth through the command link; tracking is
then continued by stored programs in the command and sequencing subsystem. Re-
dundant command receivers and detectors, one connected to each antenna, accept
commands from the Earth and provide serial digital commands to the command de-
coder. These receivers also provide the coherent references to the transmitters
to satisfy the doppler tracking function. The low-gain omnidirectional antenna,
which provides a limited data capability if the high-gain antenna system fails,
is powered by the same transmitter through an antenna switch. An M'ary modulation,
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consisting of 32 frequencies, is used in this mode to achieve a 2-bps information
rate.
The primary backup for the 1973 mission is the relay link consisting of a
medium-gain (5.0 db) cavity-backed, cross-slot antenna, a 30-w FSK modulated
modulator/transmitter, a beacon receiver, and necessary switching units. A data
rate of 3.6 kbps is transmitted over this system to the Spacecraft. In addi-
tion to providing a redundant path to the direct link, this system satisfies the
requirement to transmit as much data as possible before the first sunset.
2.2.9 Power Subsystem
The Surface Laboratory power subsystem (Fig. 2.2-11) consists of a power dis-
tribution assembly, three equipment batteries, two pyrotechnic batteries, and re-
lated switching and isolation networks. The batteries are recharged in-flight
by regulated power from the Capsule Bus and are capable of furnishing the energy
requirements for a 50-hr Surface Laboratory landed mission beginning 40 sec be-
fore touchdown. Total energy capability of the power subsystem is 9500 wh at a
nominal load of 190 w.
The power distribution assembly contains two motor-driven switches to switch
to Surface Laboratory internal power, and a load control assembly consisting of
approximately 35 magnetic latching relays used to supply power to individual loads
after receipt of momentary discrete signals from the sequencer/timer and for fault
protection.
Each of the three equipment batteries is a sealed, sterilizable, 20-cell
silver-zinc unit with an approximate voltage range of 26 to 37 vdc and a stored
energy capacity of ii0 ah. The equipment batteries are sized so that, in the
event of the loss of one battery, the Surface Laboratory mission objectives will
be partially satisfied by experiment selection and data transmission discrimina-
tion by Earth command.
Each of the two pyrotechnic batteries is a sealed, sterilizable, 21-cell silver-
zinc unit with an approximate voltage range of 20 to 40 vdc and a stored energy
capacity of 4 ah.
2.2-10 Pyrotechnic Subsystem
The Surface Laboratory pyrotechnic subsystem (Fig. 2.2-12) performs the fol-
lowing functions:
i) Release high gain antenna boom
2) Release atmospheric instruments boom
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3)
4)
5)
6)
7)
8)
9)
io)
ii)
FR-22-I03 Vol III Sect I
Release TV camera 1
Release TV camera 2
Remove dust covers from deployed instruments
Release metabolic and alpha-scatter spectrometer instruments
Release surface soil and subsurface gas collector housing
Release surface soil and subsurface gas collector internal assemblies
Open atmospheric gas sample collector
Spray metabolic substrate on surface
Open subsurface gas sampling valving.
Control from
Sequencer/ _ _Timer
Power .__ Safe/ _ Sqdib _ Current
from _ I nimiter
yrot echnic--_ Arm FiringModule Module As sembly
Batteries i
S/L
Pyrotechnic
Functions
Fig. 2.2-12 Surface Laboratory Pyrotechnic Subsystem
The pyrotechnic devices and enabling circuits are parallel redundant from the
power source through the pyrotechnic device. The circuits also have series redun-
dancy to protect against inadvertent operation. A power supply of two batteries,
isolated from malfunction, supplies power to the squib firing circuit assembly
through the safe/arm devices controlled by the Surface Laboratory sequencer. The
squib firing circuits are solid-state switch assemblies that allow the firing cur-
rent to reach the pyrotechnic device on receipt of a second signal from the se-
quencer. Current limiter assemblies are provided in each pyrotechnic circuit to
evenly distribute the current and limit the current in the case of effective short
circuits at the time of pyrotechnic operation. Firing circuits between the squib
firing circuit assemblies and the pyrotechnic devices are shielded twisted pairs
routed in separate cables from those containing dissimilar circuits.
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2.2.11 Cabling Subsystem
The Surface Laboratory cabling subsystem comprises replaceable assemblies
including cable terminations, connectors, and provisions for circuit shield-
ing and grounding. Individual cables are made up of circuits having comparable
energy levels, or having comparable susceptibility to external fields.
The individual cables are separately routed and spaced to minimize the effects
of circuit interactions. Individual power and data circuits within cables are
twisted pairs, and may also be singly or doubly shielded, depending on the energy
levels of the circuits. Cables containing pyrotechnic circuits and cables contain-
ing RF (coaxial) circuits are always separately routed. Cable connector design
selection (keying) prevents mismating. Pin-socket functions are oriented to mini-
mize the possibility of damage in the event of inadvertent contact of exposed pins
with other surfaces.
2.2.12 Equipment List
The equipment required for each of the Surface Laboratory subsystems described
in paragraph 2.2.1 is given in Table 2.2-2. This table also contains the weight
of each piece of equipment, the required power_ and quantity per subsystem. This
list is not intended to constrain packaging by implying that each of the identi-
fied components must be packaged or spared separately. The method preferred for
packaging these components and subsystems is discussed in paragraph 3.1 of this
section.
2.2.13 Reliability Summary
The mission complexity, resource expenditure, and limited launch opportuni-
ties for Voyager require that the highest mission reliability be achieved. The
general approach to this problem includes the rigorous application of a detailed
and comprehensive reliability program including: disciplined designs, highly
screened parts, materials and processes; design analysis, and comprehensive test
program with detailed failure detection, evaluation, and corrective action.
The specific problem of Phase B was the selection of a preferred configura-
tion consistent with the system constraints and with the highest reliability.
The problem was solved by careful consideration of possible failure modes and
their effect on mission reliability and data return. A criterion was established
allowing no-single-failure modes that would result in failure to achieve orbit,
failure to achieve landing, or loss of all entry science, landed science, or engi-
neering data. Complete failure mode, effects, and criticality analyses (FMECA)
to the component level were conducted during this phase. Figure 2.2-13 is an
example.
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The most effective means of eliminating single failure modes, either through
multichannel cooperative redundancy, alternative paths, or parallel redundancy
was selected by trade studies. The various alternatives were considered in view
of the reliability prediction upper and lower bounds and the reliability allocation
to assure a consistent approach and emphasis across subsystems. The application
of this approach to design reliability resulted in the selection of the major re-
dundant features shown in Table 2.2-3.
Reliability Requirements - In the absence of specified reliability require-
ments, reliability was allocated by using the predicted reliability of a reference
Capsule Bus configuration which met the system requirements and constraints and
included redundant elements and alternative modes. The allocation for the Entry
Science Package and Surface Laboratory were proportioned by relative weights as-
signed to items of the list of competing characteristics that concern system re-
liability. The weighting factors and resulting allocation are shown in Table
2.2-4.
Reliability Predictions - Reliability predictions were made using a functional
model during Phase B as the only means of realistic analysis to show potentially
critical functions, tradeoffs between redundancy, and the effects of backup systems
or alternative modes of operation. The reliability model is part of the system
evaluation model. The model considers the probability of operating to, and com-
pleting the function for each component required to support the function.
Reliability predictions started by establishing component failure rates based
on experience of the same or similar equipment, and estimated piece parts or ac-
tive element count. A standard set of electronic piece-part failure rates, shown
in Table 2.2-5, were used to assure a cormmon denominator for the evaluation of new
equipment predicted on the basis of piece-part or active circuit element count.
These failure rates are an average of achieved space failure rates for highly
screened parts as determined from industry experience. The failure rates were com-
bined in the relationship
-_K t
R = e op
where K is the environmental factor, t is operating or nonoperating time, and
op
is the achieved failure rate. Table 2.2-5 lists samples of predicted component
failure rates with mean and upper and lower 95 percentile estimates assuming nor-
mal or skewed distributions. The range of uncertainty primarily represents a judg-
ment of possible improvements in the state of the art by 1969 or possible setbacks
MARTIN MARIETTA CORPORATION
[._k NV [- R [)IVI%ION
FR-22-I03 Vol III Sect I
Table 2.2-3 Surface Laboratory Redundancy Summary
2-33
Subsystem Available Redundancy
Command & Sequencer
Science Subsystem
Science Data Subsystem
Visual imaging
Telemetry
Communications
Power
Functional redundancy through command backup during
certain time periods. Internal majority vote or
parallel redundant circuitry.
Multichannel cooperative redundancy. Single failure
will not cause loss of all science data. Alternative
mode for atmospheric data bypasses science data sub-
system. Multichannel cooperative redundancy with two
cameras.
Standby redundancy for the encoder on ground command,
and switchable bit rate on ground command or auto-
matically to assume transmission through one of three
communication lines.
Alternative paths - direct, relay, or low bit-rate
emergency link. Parallel redundancy for direct link
modulator exciters, TWTA, and command functions.
Parallel redundancy in the distribution circuitry,
with multichannel cooperative redundant batteries al-
lowing partial completion of the experiments with the
loss of one battery.
from the current state because of heat sterilization or new development problems
and to a limited degree uncertainties in the source data. The upper bounds are
limited because of the comprehensive reliability program planned for Voyager.
The failure rate uncertainty distributions were combined by Monte Carlo trials
to determine the probable variations in mission success. This technique results
in a realistic assessment of configuration differences in view of overall mission
success uncertainties. The top level functional probability model and predictions
are shown in Fig. 2.2-14. Detailed lower level models are used to condider the
effects of redundancy and alternative paths within major functions. Predictions
by subsystem are shown in Table 2.2-4. The predictions are started when the
final system checkout is complete and before mating with the launch vehicle. Suc-
cessful launch vehicle and Spacecraft performance is presumed.
2.2.14 Surface Laboratory Interface Descriptions
The Surface Laboratory interfaces with the Capsule Bus, Spacecraft-Mounted
Support Equipment, and the tracking and data acquisition system. These inter-
faces were shown previously in Fig. 2.2-3. The Surface Laboratory also inter-
faces with ground-based systems during prelaunch and mission operations.
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Capsule Bus Interfaces - The Capsule Bus interfaces will provide:
I) A command interface (originating at the Spacecraft command controller,
but passing through the adapter) to the command decoder of the Surface
Laboratory. Regulated power for command update is provided by a voltage
regulator in the Capsule Bus adapter
2) Support for the Spacecraft in status monitoring and checkout sequences up
to the time of Flight Capsule separation.
3) A signal to operate the power transfer switches in the Surface Laboratory
at the time of vernier engine ignition at a height of approximately 3000
ft
4) A signal to initiate the sequencer of the Surface Laboratory at the time
of vernier engine shutdown at a height of approximately I0 ft
5) A stable platform for the 1973 Surface Laboratory high-gain antenna.
Antenna pointing errors due to structural deflections will be held with-
in !2 deg
6) Structural support for the Surface Laboratory in an envelope that satis-
fies decade requirements. The Surface Laboratory will carry no Capsule
Bus loads
7) Thermal protection for the Surface Laboratory during the cruise phase
and power for Surface Laboratory heater during the descent phase.
Spacecraft-Mounted Support Equipment Interfaces - After the start of landed
operations, and while the Spacecraft is in view, the Surface Laboratory relay
link (UHF) communication subsystem will be activated. The signal is received by
Spacecraft-Mounted Support Equipment for transmission to Earth. Operation of this
relay link is initiated by receipt, at the Surface Laboratory, of a frequency
modulated signal generated by a beacon transmitter. The beacon transmitter is
part of the Spacecraft-Mounted Support Equipment. Beacon transmitter on/off con-
trol is provided by the Spacecraft.
Tracking and Data Acquisition System - The Surface Laboratory direct link S-
band communications subsystem interfaces with the tracking and data acquisition
system in providing downlink telemetry data, uplink commands, and doppler track-
ing data using uplinks and downlinks. Surface Laboratory MDE is used at DSN sta-
tions to provide bit synchronization and demodulation capability between the MIE
receiver and MIE telemetry command processor. An S-band Surface Laboratory simu-
lator is used at DSN for setup and adjustment purposes.
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Ground-Based Systems Interface - During prelaunch and launch operations the
Flight Capsule OSE provides the capability to check out, reprogram, and monitor
the Surface Laboratory. The OSE also provides for emergency control of the Sur-
face Laboratory as required.
2.2.15 Standardization
While recognizing that major portions of the Surface Laboratory must change
from mission to mission, considerable cost and development risk can be saved by
providing capability for the decade in the 1973 design of selected components and/
or subsystem. With this aim, the following features have been incorporated into
the preferred preliminary design:
i) The communications and telemetry subsystem concepts are compatible with
the maximum Mars-Earth distances. Increases in transmitter power output
and antenna gain will meet the 30 x 106 bit per day data goal for missions
of increased duration
2) The science data subsystem concept is flexible to accommodate foreseeable
requirements
3) The power distribution and control is compatible with RTGs
4) The command and sequencing functions are compatible with the projected re-
quirements (including control of a mobile system)
5) The structural interfaces with the Capsule Bus are readily adaptable to a
mobile Surface Laboratory.
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2.3 Selection of the Preferred Configuration
The primary objective considered in selecting the Surface Laboratory system
design was to maximize the quantity and value of the data acquired and returned
to Earth. Methods of achieving this objective include: (i) selection of science
instruments; (2) assurance of satisfactory operation in collecting, processing,
and transmitting the science data; and (3) increasing the variety of samples avail-
able either by extending the mission duration or providing remote sampling capa-
bility.
Selection of science instruments is discussed in detail in the Landed Science
Subsystem section of this report. Mission assurance tradeoffs involve alternative
operating modes, redundancy, and design margins. These are discussed in the ap-
plicable subsystem sections. The overall system trades concern extending the
Surface Laboratory mission duration and providing remote sampling capability.
These are sun_narized in the following paragraphs.
2.3.1 Alternatives Considered and Criteria for Selection
This section presents the alternative Surface Laboratory System concepts
studied, their advantages and disadvantages, and the criteria for selecting the
preferred configuration.
As the overall systems trades are concerned with extending Surface Laboratory
mission duration and with providing for remote sampling capability, the principal
Surface Laboratory subsystems effected are the power, and thermal control sub-
systems and with the Surface Laboratory physical configuration. Accordingly, the
science subsystem, telecommunications, and coEmmnd and sequencing subsystems were
held fixed as shown in Table 2.3-1 for each of the alternatives considered. These
fixed subsystem designs include reliability features in the form of redundancy
and alternative operating modes.
With the above elements fixed, the power, thermal control and packaging con-
cepts were varied to achieve the desired capabilities for each mission concept.
Within the weight allocation for the Surface Laboratory, the criteria for se-
lection of the preferred configuration are:
I) Quantity and value of data collected and returned to Earth
2) Interface complexity
3) Insensitivity to environment
4) Development risk.
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Table 2.3-1 Fixed Surface Laboratory Subsystem Summary
Landed Science Science Data Subsystem
Science Instruments
Mass Spectrometer/Gas Chromatograph
Alpha Scattering Experiment
AC Radiometer
TV Cameras (2)
Metabolism Experiment
Biological Analyzer
Resistance Thermometer
Pressure Sensor
Hygrometer
Anemometer
Sample Acquisition and Processing Subsystem
Backup Environmental Sensors
Command and Sequencing Command Decoders (2) Sequencer
Telecommunications UHF Relay Link
High Gain Direct Link
Low Gain Direct Link
Doppler Tracking
Command Receivers (2)
Encoders & Data Storage
Capsule Bus studies indicate that i000 ib will be available for the Surface
Laboratory and the Entry Science Package (ESP). Of this, 140 ib are allocated
to the ESP and 860 ib for the Surface Laboratory.
The quantity and value of the scientific data are the ultimate measure of
mission success. These are directly related to the science complement and the
data transmission capability as well as the sample variety available to the col-
lection instruments. Since the science instruments and the telecommunications
are fixed, consideration here is limited to mission duration (total data and time
variable parameters) and sample site variations (mobility).
Interface complexity considers physical, functional, and electrical interfaces
between the Surface Laboratory and other elements of the Voyager system. The de-
sire for simple interfaces is dictated by the modularity and standard interface
requirements imposed on the Voyager Capsule elements.
In view of the relative uncertainty of the Martian environment, system fea-
tures that are least sensitive to these factors are desirable.
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Development risk refers to the confidence level that can be established in
meeting performance requirements, having specific equipment available and assuring
the system integration and interface compatibility can be accomplished when re-
quired. This is a particularly critical item for Voyager because of the launch
window constraints.
2.3.2 Analysis of Surface Laboratory Alternatives
The system concepts that were studied to evaluate overall feasibility and sys-
tem penalties associated with varying mission duration and mobility, both for
1973 and future missions, are presented here. Two points should be emphasized.
First, mission power requirements and system configurations discussed are not op-
timum but do have a common basis and clearly indicate relative advantages and
disadvantages of each concept. This comparison is the prime concern. Second,
mission duration is not explicitly defined for the long term missions. For the
RTG and solar-cell systems, the duration is a function of not only the power
actually available, but also the value of the |ata returned compared with the
continuing operating costs involved.
The mission sequence for all missions starts with a one-diurnal-cycle mission
meeting the 1973 mission objectives. Extended missions are then varied with each
concept.
2.3.2.1 Battery-Powered Concepts
An all-battery-powered 1973 Surface Laboratory mission represents the most
conservative approach that can be taken. Because it is less complex than any
other concept, it offers greater mission assurance, simpler integration, and a
high confidence of meeting the development schedule and launch window. On the
deficit side for an all-battery system is the impracticality of appreciably ex-
tending mission duration within the weight limitation and the development risk
associated with sterilizable silver-zinc batteries.
Three mission durations are considered for the all-battery system. First,
one diurnal cycle represents a minimum time to meet the mission objectives. This
mission assumes that the Spacecraft data relay link is available to allow trans-
mission of data collected after the direct Earth link becomes unusable. Analysis
of the post-landing communication geometry indicates that this requirement limits
tile range of possible Spacecraft orbits. To overcome this factor, a 42-hr mission
was investigated. This time was chosen to allow direct Earth communications to
be used to complete the data transmission on the second day. Finally a two-day
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mission is considered. This mission provides twice the science data acquisition,
two additional data-transmission opportunities, and most important, sufficient
time for the first day's data to be analyzed on Earth and the Surface Laboratory
commanded to perform sequences that may significantly increase the value of the
data obtained.
2.3.2.1.1 One-Diurnal-Cycle Mission
The mission for this configuration lasts 24.6 hr (Fig. 2.3-1). Landed oper-
ations commence at touchdown with activation of selected science and engineering
instruments and continue through one night-day cycle. Data obtained immediately
after landing are transmitted to the Spacecraft for relay to Earth. Data col-
lected through the night are stored for transmission directly to Earth the fol-
lowing day. For certain missions, the direct communications link is lost before
completion of the mission. Data collected following this period are transmitted
via the UHF relay line through the Spacecraft.
This concept uses silver-zinc batteries to provide the 4.6 kwh of electrical
energy required (Fig. 2.3-2). The thermal control concept uses insulation, phase-
change material, and electrical heaters to maintain the proper equipment tempera-
ture limits. The Surface Laboratory configuration is shown _n Fig. 2.3-3.
The lightest of all alternatives considered, this Surface Laboratory weighs
723 ib, meets all mission objectives, and will return up to 20 x 106 bits of data.
The total Flight Capsule weight with the Surface Laboratory is 4464 ib, well
below the specified 5000 lb. Interfaces with the Capsule Bus are minimized --
three mechanical joints and an electrical connector.
2.3.2.1.2 42-Hour Mission
To ensure transmission of the entire diurnal cycle data for the complete range
of possible Spacecraft orbits, a mission duration that allows the total collected
data to be transmitted directly to Earth was investigated. The mission profile
(Fig. 2.3-4) is the same as the one-diurnal cycle mission for the first 24.6 hr.
At this time, the Surface Laboratory is powered down until Earth rise on the
second day. Data acquired and stored after Earth set the previous day are then
transmitted directly to Earth and the mission terminated.
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The system configuration for this mission is similar to the one-diurnal cycle
system. Additional electrical energy (1.6 kwh, Fig. 2.3-5) and thermal control
capability is required to support the Surface Laboratory through the second night
and into the day. This additional capability increases the Surface Laboratory
weight to 771 ib requiring a Flight Capsule weight of 4532 lb. These values are
still considerably below the Surface Laboratory allocation and the Flight Capsule
limitation. The data return of 20 x 106 bits is not increased over the one-diurnal
cycle mission but is transmitted in different time periods.
2.3.2.1.3 Two-Day Mission
To allow time for Earth evaluation of the data obtained during the first day
and subsequent variation of the mission sequence to obtain more specific or addi-
tional data, a two day mission is considered. Instead of powering down at the
end of the first diurnal cycle as in the 42-hour mission, data collection is con-
tinued through the second night up to loss of the direct link on the second day
(Fig. 2.2-4). The single change to the programed science data collection on the
second day is that analysis on the initial soil sample is continued, obtaining
additional statistical data, rather than collecting a new sample from the same
site.
The Surface Laboratory configuration for this mission is no different in con-
cept than for the two shorter mission configurations; however, more electrical
energy is again required. The thermal control concept is the same as described
above because the 42-hour mission system also has to survive the second night.
The additional battery capacity (9.4 kwh total, Fig. 3.7-3) required for this
mission increases the Surface Laboratory weight to 860 ib and the total Flight
Capsule weight to 4666 lb. The data return for this mission is doubled over that
acquired in the two shorter missions. The value of this additional data primarily
depends on the data received the first day and the reprograming accomplished.
2.3.2.2 Solar-Cell Powered Concepts
Extending the mission duration significantly beyond two days requires a new
type of power source to remain within reasonable weight limits. Studies of po-
tential power sources reduced the choice to two, RTGs and solar cells. The length
to which the mission can be extended by using solar cells depends greatly on the
operating environment. In space, the life is practically unlimited, as evidenced
by Mariner IV. In the Martian surface environment, solar-cell life may be se-
verely limited due to dust, erosion, and/or accretion.
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The mission profile for the extended missions which is used to compare the
solar cell and the RTG powered concepts is shown in Figure 2.3-6. It consists of
a one-diurnal cycle sequence to meet the mission objectives, followed by reduced
level operation of the science instruments until the value of the data returned
drops to the point where it is not worth the cost of continuing the mission (Fig.
2.3-6). Data can be transmitted directly to Earth for 5 hr every day. Figure
3.7-8 illustrates the related power profile.
To accomplish this mission, a Surface Laboratory weight of 1313 Ib and a Flight
Capsule weighing 5314 ib are required. Included in this weight is 4110 kwh of
Ni-Cd batteries. This energy, which is required to power the Surface Laboratory
through the night, is nearly sufficient to power the Surface Laboratory through
the first day on the surface if no energy is supplied by the solar cells. The
solar cells in this configuration are sun oriented. This power subsystem for this
system is discussed in more detail in Paragraph 3.7 of this volume. A similar
system weighing about 300 ib less could be developed using silver-zinc batteries,
but the life potential would be reduced.
The thermal control concept for this configuration is the same as that for
the RTG system.
The above results indicate that a more practical mission profile using solar
cells is the '_eather station" operation. In this mission concept, atmospheric,
metabolism, gas sampling, and insolation measurements are made periodically
throughout the mission (Fig. 2.3-7). Four TV pictures are taken every third day.
Data are transmitted 2.5 hr every third day. The power profile for this concept
is shown in Fig. 2.3-8
Two configurations were considered for this mission: fixed solar arrays (Fig.
2.3-9), and a steerable array (Fig. 2.3-10). The high-gain and UHF antennas are
relocated to accommodate the solar panels. The thermal control concept for this
configuration is significantly different for three reasons: (i) much reduced in-
ternal power duty cycle (30 w average), (2) the cold thermal case assumes no solar
input, and (3) the limited battery capacity cannot support thermal-control heater
requirements. Therefore, the thermal system must supply all the heat to maintain
the minimum temperatures. Isotope heaters are included to provide this energy.
The isotope capsules are mechanized so they can be moved in and out of the Surface
Laboratory, thus varying the heat added to the Surface Laboratory. This arrange-
ment will eliminate overheating in the hot extreme.
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Fig. 2.3-10 Solar Cell Configuration, Steerable Array
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The Surface Laboratory weight for the fixed array concept is 852 ib and the
Flight Capsule weight is estimated at 4654 lb. Data return is 4 x 106 bits every
third day. The value of these data is relatively low per bit, but seasonal data
obtained are extremely valuable. The fixed array is considered more desirable
because of the problems associated with the orientation mechanism, surface wind
loads on the panels, and the shadowing effects (both thermal and RF) of the steer-
able array.
2.3.2.3 RTG Battery Concepts
This paragraph discusses an RTG configuration capable of extending the S/L
lifetime up to two years on the Mars surface. The mission and power profiles are
the same as those shown in Fig.2.3-11.
The Surface Laboratory configuration (Fig. 2.3-12) includes two 83-w (e) RTGs
to supply the 120 w of average power required. Nickel-cadmium batteries (720 wh)
are used to supplement the RTGs for peak loads. The RTGs are mounted on the Cap-
sule Bus vernier module to facilitate thermal control before the Sterilization
Canister separation.
The thermal control concept for the Surface Laboratory is similar to that pre-
viously described for the battery concepts, with the addition of thermal switches
and radiators to reject heat during the day and increased insulation to retain the
internally generated heat at night. The temperature of the RTGs is maintained by
radiating the heat through the Canister, before Canister separation, or to space.
The weight of this Surface Laboratory configuration of 1084 Ib requiring a
Flight Capsule weight of 4992 lb. The data return is 8 x 106 bits per day. (No
relay link data is considered for long-duration missions.) The value of each bit
is statistically significant even though much of it will be redundant. However,
the observation of seasonal variations would make this concept uniquely valuable.
The interfaces with the Capsule Bus (thermal and structural) and the Launch
Operations System (prelaunch and launch safety) are considerably more complex for
this concept compared to the all-battery configuration.
This configuration is described in detail in Volumes VI and VII of this re-
port.
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Fig. 2.3-12 RTG Powered Surface Laboratory Configuration
2.3.2.4 Mobility Considerations
One consideration of the Phase B Surface Laboratory design effort was devel-
opment of a concept to retrieve samples at a nominal distance from the landing
point or to relocate some instruments remote to the Surface Laboratory. The need
for such a concept arises from the desire to obtain data from more than a single
location as a result of a observation of interesting or curious features within
the immediate field of the Surface Laboratory, or potential kill of living organ-
isms from rocket exhaust heating.
Several remote sampling systems have been considered: trolleys and mortars
for short distances (hundreds of feet); for longer distances, relocation of the
entire landed system using the terminal descent engines (hopper) and a small rov-
ing self-sustaining unit that operates on relay commands from the stationary Sur-
face Laboratory.
Trolleys are rather complex and inflexible, and mortars require use of hard-
ened instruments. The hopper concept would involve a considerable weight penalty
and entails some risk because damage to the delivery elements of the system during
landing would negate this mode. The concept analyzed here is a small, wheeled,
self-contained vehicle. Both the desirability and feasibility of such a concept
are investigated relative to a 1973 mission.
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For this discussion the area of interest will consist of all the surface
within a 1000-ft radius of the landint point. The subsequent discussion treats
a 1973 Surface Laboratory concept that incorporates a mobile vehicle in addition
to the stationary portion. The function of the vehicle is twofold. It will
provide:
i) Mobility to carry the soil composition experiments outside the landing
area
2) A minimal capability for obtaining exploratory television images of re-
mote points of interest.
This vehicle will operate within line-of-sight of the Surface Laboratory, and
to save weight, will be controlled via a relay link through the Surface Laboratory.
Functional Description - Figure 2.3-13 is a functional block diagram of this
concept. The power sources for the stationary and mobile portions of the Surface
Laboratory, as shown, are RTGs, but battery and solar cell/battery concepts may
also be considered.
As depicted, commands are received by the Surface Laboratory stationary
portion and relayed to the vehicle. It may be more reliable and simpler for the
vehicle to receive commands directly from Earth. However, the transmission of
data to Earth from the vehicle is most appropriately achieved via a relay link.
Direct transmission to Earth, which would somewhat increase reliability and flex-
ibility of operation, is prohibitive for this size vehicle both in power and
weight. As designed, a small solid-state transmitter (less than 0.5-w radiated
power) and a whip antenna should amply serve the needs of the vehicle. Depending
on the frequencies used, a special antenna and receiver may have to be added to
the stationary Surface Laboratory.
A stereo television camera on the vehicle is used for scientific imaging and
control.
For the stated mission, no navigation is required other than perhaps an odom-
eter, which can be integrally implemented in one of the mobility drive elements.
Configuration - Packaging of a small vehicle of this type in the Capsule Bus
is not a serious problem since the Surface Laboratory envelope has been sized to
accommodate a 1500-1b vehicle. If an RTG is used on the vehicle, the stowed con-
figuration must place the RTG in a favorable position for thermal control.
The configuration of the vehicle is not important, per se, until mission
justification is established.
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Operational Profile - The use of on-board sensing devices to augment vehicle
control is highly desirable, but no substantial work exists in this area.
Therefore, vehicle control will be assumed to be by the same method as that
proposed to control the Surveyor Lunar Roving Vehicle (SLRV).
This procedure is:
i) Vehicle take several stereo images
2) Transmission of images to stationary Surface Laboratory
3) Transmission of video data to Earth by Surface Laboratory
4) Decoding and display of images at SFOF
5) Operator decision (range, azimuth to be traversed)
6) Command generation and coding
7) Command transmission
8) Command reception and decoding by vehicle
9) Command execution.
The time required for this operation is a function of number of images, image
data content, Surface Laboratory transmitter power, Surface Laboratory antenna
gain, and Mars-Earth range at the time of operation.
The range the vehicle may traverse for each one of these operations depends
on the surface complexity, vehicle obstacle capability, and image resolution.
Finally, the range traversed in a day also depends on the number of operational
hours per day. Three conditions must exist for the vehicle to operate:
i) Earth must be at least 20 deg above the Martian hoizon as viewed from
the Surface Laboratory
2) The Sun must be between 15 and 80 deg above the Martian horizon as viewed
from the Surface Laboratory
3) Goldstone must be on the visible side of Earth as seen from Mars (assum-
ing vehicle control equipment at Goldstone only and data link between
ground stations in 1973 not sufficient to support this operation).
The geometry is illustrated in Fig. 2.3-14.
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The amount of time per day during which all three of these conditions are
favorable varies as a function of the Earth-Mars rotational phasing. An average
available vehicle operational time per day based on the product of the individual
probabilities of each of the three conditions being favorable is as follows:
t =_3-_; [probability of an acceptable Earth angle]
_3-_; [probability of an acceptable Sun angle]
{18o 
_3--_; [probability of Goldstone being in the operational band] (24) [hr]
therefore
t = (0.389) (0.361) (0.5) (24)= 1.68 hr.
This is an unduly converative computation because the Sun never varies more
than 50 deg from the Earth-Mars line as viewed from Mars. Therefore the Sun is
almost always in a favorable position when Earth is in view. As a first approxi-
mation it is assumed that there is a 0.8 probability of the Sun being in a favor-
able position. Then,
t = (0.389) (0.8) (0.5) (24) " 3.7 hr.
This would, of course, be doubled if the operation could be carried out
through all three ground stations. For now, however, only one ground station
will be considered.
A tradeoff exists in the selection of the vehicle's video resolution. Higher
resolution, of course, requires longer transmission times. On the other hand,
higher resolution images will allow the vehicle to travel further on each "step"
with the same confidence of successfully completing the traverse. Without
executing this tradeoff in the remote control, it has been assumed that each
video image will contain 2 x 105 bits of data. The data rate to transmit this
back from the Surface Laboratory is a function of the transmitter output power,
antenna gain, and Earth-Mars range. These factors are parametrically displayed
in Fig. 2.3-15 as they relate to the time required to transmit one video image
of 2 x 105 bits of data.
At the time of the 1973 mission, the Earth-Mars range is approximately 1.2 AU.
For this analysis the stationary portion of the Surface Laboratory is assumed to
have a 4-ft parabolic reflector and a transmitter that radiates 7.0 w, giving a
transmission time of i0 minutes per image. Two images per step are required as
a minimum.
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Referring to the procedure described above for vehicle control of the SLRV,
the time per item is:
i) ~0
2) ~0
3) 10 min + 10 min + (1.2 AU) x (8.3 min/AU) = 30 minutes
4) ~0
5) _5 min
6) 2 min
7) I0 min
8) ~0
9) _2 min
Total = 49 minutes
As was previously mentioned, the distance traversed in each of these steps is
a function of the vehicle capability and surface complexity. It is assumed that
the landing will be made in a relatively smooth area equivalent to the smoother
areas of the Moon. Under these conditions and with this vehicle, a step range
of I0 m may be achieved with reasonable confidence.
The range per day is therefore:
R = (I0) (6) (3.7 hr) = 45.3 m, which is about 148 ft.
The criterion established required coverage of the surface within i000 ft of
the landing site To get outside this area will therefore require _i000_ days
• _ 1481 '
or about seven days.
Power Profile - Since the operational profile is not complete, the power pro-
file cannot be defined. However, some power computations can be made.
For instance, with the expected 15% efficient solid-state transmitter on the
stationary portion of the Surface Laboratory, the total power into the transmitter
to get the required 3.5 radiated w is 23.3 w.
For the SLRV the specific energy consumption, based on a vehicle Earth weight
of 140 ib and operation on the ELMS Maria Model at a speed of 0.4 km/hr is 0.03
kwh/km. It is assumed that the Mars-equivalent vehicle will weigh 200 ib and
will drive at 0.2 km/hr. Therefore the specific energy consumption is:
(0.03) {200 {0.2 
_0.167/ _1_/ _0_/ = 0.05 kwh/km
There are essentially four functional modes for the vehicle. These are:
mobility; television slewing; video transmission; and standby during RF trans-
mission delay, operator decision time, etc.
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Table 2.3-2 presents the power requirements in each of these modes. As has
been seen, the standby mode comprises approximately 60% of the mission time. The
average power of the vehicle is therefore about 8.5 w; 8 to i0 will be sufficient
for thermal control during the Martian night, when the vehicle is inoperative.
As often is the case, such a preliminary estimate of power requirements may be
optimistic and an average power of 20 w will be provided.
Table 2.3-2 Power Summary
e
Traction Drive
Receiver
Transmitter
Navigation
Data Handling
Television
Mobility
6.0
1.O
1.5
4.0
2.0
14.5
Slew
Television
1.0
4.0
8.0
13.0
Tr ansm it
Video
1.0
0.5
4.0
6.0
ii .5
Standby
1.0
4.0
5.0
Weight Estimate - Based on the SLRV data the following weight estimate has
been made for the vehicle:
Item Weight (Ib)
Mobility, Structure, and Thermal Control 75
Power Supply (RTG and Battery) 40
Communication, Data, Control, and TV 35
Tiedown and Unloading 15
Experiments 35
Total 200
Performance Estimate - The vehicle can travel 1000 ft in seven days. Thus,
a life of at least seven days is required of the vehicle and stationary Surface
Laboratory to fulfill the primary objective. Therefore, an RTG or solar cells
are required on the stationary portion.
It is assumed that all the RTG power is delivered to the system via a charge
regulator and battery, and that the charging efficiency is 0.8. Therefore the
total energy delivered by the RTG over a seven-day mission is:
E = (20) (24) (7) (_)I'0 = 4190 wh.
If the vehicle is powered solely by batteries, the integration problem is re-
duced. It must be remembered, however, that even if this is feasible, an RTG is re-
quired on the stationary portion of the Surface Laboratory.
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At an energy density of 37 wh/ib, the battery weight would be:
WB = 4190 113 Ib,37
which does not include power for the science insturments.
A solar cell-battery power supply may also be considered for the vehicle. A
nonoriented array giving 2.0 w/ft 2 for i0 hr/day is assumed. The total energy per
square foot for the seven-day mission is therefore:
E- (2) (I0) (7)= 140 wh.
After charging losses of 20%, the net yield to the system will be 112 wh.
The total solar cell area required is then:
A = 419___O0
112 " 37 ft 2.
Note that the all-battery and solar cell-battery power systems are not desirable
unless the power level can be held very low.
Summary and Conclusions - If there is a firm need to move i000 ft or more from
the landing point, the mobile vehicle appears attractive. The total weight penalty
to the system of approximately 165 ib and the 7 days required to traverse the 1000-
ft range are feasible.
Furthermore, the small _ehicle provides the capability to obtain highly de-
sirable video data at loactions remote from the lander.
However, an RTG is required on the vehicle proper and possibly another is
needed on the stationary portion of the Surface Laboratory System. Another un-
desirable factor that arises is the complication of mission operations and the
need for more complex ground control equipment.
In general, a small mobility unit is not recommended for the 1973 mission
because of:
I) Added mission complexity with attendant reduction of probability of mission
success
2) No firm requirement for this capability
3) Need for an RTG which, if available, causes a more difficult integration
problem
4) A 165-ib weight penalty to the system.
Later missions, in which RTGs are used, will be enhanced by using a small ve-
hicle.
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2.3.2.5 Influence of Surface Laboratory Growth on Capsule Bus Standardization
One of the primary objectives of the preliminary design activities during
Phase B was to establish a Capsule Bus design that is compatible with growth of
the Surface Laboratory for the 1975, 1977, and 1979 missions. To accomplish this,
the post-1973 mission objectives were considered along with the characteristics
of the Surface Laboratories that may be required to fulfill these requirements.
The Surface Laboratory design that exerts the greatest influence on Capsule
Bus design is a 1500-1b totally mobile Surface Laboratory. This is true because
of the inherently low packaging density, unique configuration requirements for
deployment, and the need for an RTG power supply to obtain the desired long vehi-
cle life. Thus, if the Capsule Bus and Surface Laboratory envelope were configured
for a 1500-1b totally mobile Surface Laboratory, a standardized Capsule Bus, amen-
able to many missions, could be obtained. Two mobile Surface Laboratory configura-
tions are shown in Fig. 2.3-16 and 2.3-17. These designs are functionally the same
and were developed to evaluate the influences of different layouts and arrange-
ments on the Capsule Bus design. Therefore, the discussion that follows will
present details of the design shown in Fig. 2.3-16 only.
Functional Description - The vehicle concept shown in Fig. 2.3-16 is a four-
wheel, fixed wheel-base design, and is powered by a rechargeable battery connected
to an RTG. It incorporates a television camera for remote sensing and telemeters
data via S-band through a high-gain directional antenna. The vehicle has a wheel-
base of 95 in., an overall width of 60 in., and an overall length of 174 in. It
has a scientific payload capability of 500 lb.
Vehicle mobility is provided by four, sealed electric drives in the hubs of
the metal-elastic wheels. Front-wheel Ackermann steering is implemented by in-
dividual actuators to each wheel with mechanical interconnection for Ackermann
steering and redundancy.
The design incorporates a knee-action coil-spring suspension on the front and
torsion bar suspension on the rear. Both suspension systems use hydraulic fluid
dampers. The coil-spring suspension was selected for the front wheels because it
provides the best steering capability for the nonfolding wheelbase design. The
simpler, torsion bar suspension used on the rear does not adapt itself for the
front wheels because the arm length is restricted, thus causing large inclination
angles of the wheel when steering with the suspension deflected. The torsion bar
system is used on the rear wheels, however, because it requires minimum space.
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Fig. 2.3-16 Typical 1500-1b Mobile Concept
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The traction-drive mechanisms located in each wheel hub consist of a series-
type dc motor, a nutator transmission, and an electromechanical brake. The motor
is hermetically sealed in an inert atmosphere and the nutator transmission is
dynamically sealed with a labyrinth seal. The motor delivers approximately 5 in.-
ib of torque at stall and has a no-load speed of approximately 2000 rpm. The
transmission provides a speed ratio of 200:1. To estimate power, the motor and
transmission efficiencies were assumed to be 50% and 75%, respectively.
A single-speed relay control unit controls vehicle mobility. Forward and
reverse are provided at a single voltage input, resulting in a one-speed range.
The power subsystem consists of an RTG, two silver-zinc batteries, and the
power conditioning and distribution equipment. An average power output of 257
w is provided during the average 8-hr operational period each day with peaks up
to 480 w.
The power conditioning and distribution consists of dc-dc converters, regula-
tors, circuit protection, and cabling. Dual converters and regulators provide
redundancy.
The telecommunications subsystem includes the equipment elements used in re-
cording a picture of the Mars surface, processing the picture for radio frequency
transmission, and transmitting the S-band signal via a directional antenna. Equip-
ment is provided to monitor selected vehicle status sensors. Additionally, a data
storage capacity stores and periodically reads out vehicle status and scientific
experiments data.
The television sensor, which comprises the imaging subsystem, is monoptic
with a 70x70-deg field of view. The television picture has 500 lines x 500 ele-
ments. The television camera assembly has an azimuth capability of +--200 deg and
an elevation capability of 30 deg/-60 deg from horizontal. The azimuth capability
provides 360-deg coverage. The elevation capability allows distance viewing up
34-deg slopes and downward viewing of the area immediately in front of the vehicle.
The radio subsystem provides the equipment to process television and/or data
signals for RF transmission and to transmit the signals via S-band direct to
Earth. The transmitter has an RF output of 35 w and a bit rate of 833 bps. The
transmitter input power is 250 w. Sixteen gray levels (four bits) are provided
for each TV picture element.
The antenna subsystem consists of three antennas: a 4-ft-diameter high-gain
antenna and two redundant omnidirectional antennas.
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The high-gain antenna will be steerable to any azimuth and elevation combina-
tion within a 120 deg cone of the vertical. The antenna will continuously track
the Earth and can reacquire on command.
Command signals are received through the two omnidirectional antennas. Pri-
mary commands received by the omni-antennas include vehicle unloading, initial
high-gain antenna acquisition, and reacquisition as required. During normal
operation, commands are received through the high-gain antenna.
The tiedown and unloading subsystem consists of tiedown supports for the ve-
hicle, the unloading ramp, and associated tiedown hardware. The design provides
unloading on one azimuth only. Two-axis unloading capability, 180 deg apart, could
be added for minimum weight increase. This would allow the Earth operator to ex-
amine the surface along both unloading azimuths and make a selection.
Configuration - The 1500-1b totally mobile concept must be considered not only
in the operational configuration, but also in the stowed configuration. Configu-
ration selection is an iterative process leading to a configuration that is ac-
ceptable for both the vehicle operation and Capsule Bus configurations. The pres-
ent mobility study has been carried out to a point sufficient to demonstrate
feasibility of integrating a 1500-1b mobility concept in the selected Capsule Bus
configuration. Figure 2.3-16 shows the vehicle in its operational configuration.
In arriving at a configuration, the mobility subsystem, power subsystem, and
telecommunication subsystems were considered in greatest detail since they have
the greatest effect on the vehicle configuration.
The chassis is a high-bed open-frame design that supports the equipment as
suspended masses hanging from the chassis beams. The frame is fabricated from
circular and rectangular aluminum tubing using rivet fabrication techniques. The
longitudinal beams are curved in the center to allow stowage of the high-gain
antenna while aboard the lander. The high-bed approach provides the required
ground clearance based on an abrupt change in slope from +34 deg to -34 deg.
The RTG support off the rear of the chassis is to place the RTG in the envelope
specified for vehicle stowage. The front of the chassis tapers in for wheel
clearance when steering. The lateral cross member just forward of the rear wheels
also serves as the bearing housing for the torsion bar suspension and as the mount-
ing surface for the directional dish antenna.
Ackermann steering is incorporated on the front wheels with the Ackermann bias
provided through mechanical linkage. This same linkage also serves to slave the
dual actuators. The maximum wheel steering angle is 35 deg.
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The wheel is a discrete element metal-elastic design 30 in. in diameter and
8 in. wide. It consists of a rigid inner wheel surrounded by 40 flexible metal
rings joined on the outside by a flexible rim. The inner wheel is of aluminum
spoke construction with an external rim joining the spokes at the outside and an
aluminum hub housing for the traction drive mechanism (TDM) at the center. The
flexible rings and the outer rim are titanium. The wheel provides a static de-
flection of 1.5 to 2 in. and a dynamic deflection of approximately 2 to 3 in.
The RTG is mounted aft of the vehicle. This position is compatible with the
thermal control requirement during transit. RTG waste heat is radiated to the
canister and then to space during transit.
The television camera is supported on a tripod holding mechanism. The camera
is erected before the vehicle is moved from the landing stage. The tripod stand
can be erected by a torque motor with a self-locking mechanism or a linear screw
actuator. In the fully erected position, the television camera is 2 m above the
Mars surface.
The high-gain antenna is also erected before the vehicle is unloaded from the
landing stage. Similar to the television camera, the high-gain antenna is sup-
ported on a tripod structure erected by a torque motor on a primary rear mount.
Figure 2.3-18 shows a side view of the stowed vehicle during transit. The
vehicle is deployed as illustrated in Fig. 2.3-19.
The unloading system consists of a ramp under the wheels. The ramp extends
outward to the edge of the landing stage and folds back over the front wheel.
Once unfolded, this section locks in place. The ramp is designed with a pivot
just inboard of the edge of the landing stage. The pivot allows the ramp with
vehicle to tilt down to the surface when tiedown at the inboard end of the tilt-
ing ramp is released. A bungee or similar device will control the angular rate.
The resulting Capsule Bus configuration and Surface Laboratory envelope are
discussed in Volume II.
Operational Profile - The TV sensor is assumed to resolve a 20 cm obstacle or
other surface irregularities with four scan lines.
It is assumed that continuous Mars coverage from Earth can be achieved with
the worldwide Deep Space Network with direct microwave links to a single remote
control station. Due to the daily rotation of Mars, communications capability to
a specific point is assumed to be approximately i0 hr/day. Further, driving
time will be limited to Mars daytime periods only. These assumptions limit op-
eration of the roving vehicle to approximately 6 to 8 hr per Earth day.
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The vehicle will be driven in discrete steps. Between driving intervals,
the television camera will record the Mars terrain to be encountered. These data
will be transmitted to Earth and displayed and the driving commands will then be
transmitted to the vehicle.
The remote-control concept involves television imaging on the vehicle and
transmission to Earth, path selection and command formulation on Earth by an op-
erator, command transmission to the vehicle, and execution of the command in
terms of steering, locomotion, and camera orientation. The dirving periods are
about one minute in duration, and the period between travel increments may vary
from 48 to 68 minutes.
The operator station will have large TV monitors of current and past TV pic-
tures, photographs of past TV pictures, navigation displays and other aids, and a
command keyboard. Commands will include start/stop, forward/reverse, steering
sequences (degrees turn vs time, programed into the vehicle sequencer on receipt
of command), camera orientation, probe deployment, and antenna deployment and
acquisition.
The operator will attempt to select paths as straight as possible, and will
avoid higher slopes and rough areas. An experienced operator will be able to
correlate successive pictures to arrive at optimum paths. The sequence is listed
in the following tabulation.
i. Time Zero:
2. Time 15 min.:
3. Time 20 min.:
4. Time 35 min.:
5. Time 40 rain.:
6. Time 55 min.:
7. Time 56 rain.:
The vehicle is stationary and a TV
picture is taken.
Transmission of frame begins.
TV picture reception begins on Earth.
TV picture transmission from vehicle is
completed.
TV picture reception begins on Earth.
Operator completes decision on path
selection. (Decision will be in process
and nearly complete when last video data
are received). Operator transmits com-
mands.
Command received on vehicle.
Traverse begins.
Traverse completed; cycle repeats.
Scientific data may be transmitted between television picture transmission
times as shown in Fig. 2.3-20.
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The number of travel increments will be 8 to 13, depending on transmission
delay. At 20.4 m per traverse, the distance per day is 168 to 256 m. Based on
an estimated 20% detour factor, the actual range is only 140 to 213 m. Over a
year's time, the total range is 66 km, based on the average time delay during the
year.
It may be possible to improve performance in terms of speed and range by im-
proving imaging and communications technique (data compression) and by incorporat-
ing auxiliary sensors. For example, a terrain profile radar sensor may allow
longer vehicle travel increments (i.e. beyond image range) by detecting obstacles
and modifying the path accordingly. Communications via orbiting relay could re-
duce transmitter power requirements, thus allowing much higher data rates, and
hence shorter times between TV pictures.
Power Profile - The power profile for the vehicle is shown in Fig. 2.3-21.
The power system recommended for the vehicle is a combination RTG and battery
system.
The estimated power requirements and duty cycle for the moving vehicle are
257 w for 8 hr and 0 w for 16 hr, resulting in 24 hr per cycle.
A one-year lifetime or approximately 360 cycles would be required. The RTG
power (PRTG) and the battery energy (EB) are calculated assuming a 75% battery
charge efficiency. During the 8-hr battery discharge period:
257 (w) x 8 (hr)= PRTG (w) x 8 (hr)+ EB (wh).
During the 16-hr battery charge period:
E B (wh) - 0.75 x PRTG (w) x 16 (hr).
Solving the two equations:
PRTG" 103 w (e)
EB = 1230 wh.
There is no developed RTG that can be applied directly to these requirements.
The RTG that most nearly meets the safety and nuclear shielding requirements
for the vehicle is the SNAP-II that was designed and tested for a lunar roving
vehicle to be included with later Surveyor missions. The SNAP-II fuel is curium-
242 with a half-life of 163 days. A pu238-fueled RTG would be required for the
Voyager vehicle mission RTG because of the longer mission time. Pu 238 has a half-
life of 88 years.
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2.3.3 Summary of Surface Laboratory Alternatives
Alternative configurations considered for the Surface Laboratory are concerned
with extending the mission life and providing remote sampling. The complexities
associated with mobility are not believed justified by the objectives of the first
mission and therefore is not recommended for the 1973 opportunity.
The performance of the extended-life mission concepts are summarized in Table
2.3-3
Table 2.3-3 Extended Life Configuration Performance Summary
Mission Duration
Data Return
24.6 hr
20 x 10 6
bits
Batteries Solar Cell RTG
42 hr
20 x 10 6
bits
49 hr
40 x 106
bits
Potentially
4 x 106
bits/day
S/L Weight (lb) 723 771 860 852
*Exceeds S/L allocation for 5000-1b Flight Capsule.
> 49 hr
4 x 106
bits/day
852
2 years
6
8x10
bits/day
1084"
The potential extension of the mission life for solar cell powered configura-
tions depends on the actual Martian environment. In the wind and dust environments
specified in the Capsule Constraints Document, the life would be severely limited.
Recognizing the uncertainty in these parameters, the solar cell powered concepts
were eliminated from further consideration. If new knowledge of the environment
reduces these requirements, the fixed solar array configuration would become very
attractive.
The battery- and RTG-powered configurations are both insensitive to environ-
mental conditions. While the RTG concept requires a Surface Laboratory system
weight which is over that available in a 5000-1b Flight Capsule, its advantages
in obtaining data over seasonal variations and its adaptability to the 1500 ib
mobile Surface Laboratory are important. A detailed analysis of this system has
been conducted and the results reported in Volumes VI and VII.
Relative to the battery-powered alternatives the one-diurnal cycle mission con-
cept was rejected. The 25-hr life requires subsynchronous spacecraft orbits to
use the UHF relay link. Comparing the remaining two configurations, the 49-hr
mission has the important advantage of twice the data return. Further, the 49-hr
duration is long enough to permit evaluation of the first-day data and reprogram-
ing of the second day's operation to enhance the value of the mission. These ad-
vantages are realized within the weight limitations, with no increase in develop-
ment risk or interface complexity over the 25-hr concept. Therefore, the pre-
ferred configuration is a battery-powered system capable of operating over two
complete diurnal cycles. This S/L is described in detail in this volume.
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2.4 Summary of Surface Laboratory System Analysis
This discussion summarizes the system analyses associated with the direct and
relay communications links of the Surface Laboratory, and the power, communication
and data performance.
2.4.1 Planetary Geometry
In most cases, the same factors influence the design of the Spacecraft, Cap-
sule Bus, and Surface Laboratory within the overall mission. Design values of
these systems can therefore be selected only after considering the overall mission.
The source of the greatest impact on Surface Laboratory design is the plane-
tary geometry. The most significant aspect is the Earth-Mars distance since this
constrains the possible data links and therefore the entire Surface Laboratory ca-
pability.
Earth-Mars Distance - Figure 2.3-11 (in paragraph 2.3.2.4) shows the variation
of Earth-Mars distance for the entire Voyager program period. The right-hand or-
dinate also shows the distance in terms of communication time. Martian seasons are
noted below the plot for reference. Launch time shown for each case corresponds
generally to minimum energy. Actual launch date could fall approximately two
weeks on either side of the launch date shown. Also, the cruise phase has been
shown as 180 days for the 1973 mission. This also is variable depending on the
particular interplanetary trajectory selected. The arrival dates shown are for
Type I transfers. Type II transfers arrive typically 2 to 3 months later. Al-
though the basic distance is approximately 1.2 AU at encounter, a variation of
about +0.5 AU may be expected because of launch time and trajectory. More impor-
tant, for an extended mission of 3 months, the distance will increase to a maxi-
mum of about 2.6 AU. Considering the worst case for all the variables, the maxi-
mum range for a one-day 1973 mission is 1.9 AU or 2.83 x 108 km.
Mars-Sun Distance - The distance between Mars and Sun as a function of time
is shown in Fig. 2.4-1. This parameter is primarily of interest for thermal con-
trol calculations and for solar-cell power output computations. The value of this
parameter provides the basic thermal input to the Surface Laboratory. Variations
in this basic input must then be considered as the result of clouds, atmosphere,
and surface effects. For solar cell computations, clouds and atmosphere must also
be considered. Figure 2.4-1 indicates that for the 1973 mission, the initial dis-
tance is approximately 235 million km but is steadily increasing, reaching a value
just short of 250 million km late in the extended mission.
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Earth-Mars-Sun AnEular Relationships - Figure 2.4-2 defines the angles between
Earth, Mars and Sun throughout the Voyager program period. The angle _ between the
Mars-Earth and Mars-Sun lines defines the relationship between the start of Earth
view periods and daylight. This relationship is fundamental to the development of
the mission profile. If mobility is considered for the 1973 mission, this rela-
tionahip is also important in mobility control since it is assumed that driving
would be confined to daylight hours when the Earth is in view.
Flight Spacecraft opposition occurs during interplanetary cruise and as such
influences the planetary vehicle when receiving commands from Earth.
Landing Site Selection - Landing site selection depends on the desirability of
a particular area for landing. This desirability arises from the assumed higher
probability of detecting life, for example, within the wave of darkening, etc.
Such a treatment, however, is largely conjecture at this point and could be over-
ridden by pictures returned from orbit. The final site selection decision will be
made on the basis of returned orbital data.
Latitude - Landing site latitude is limited by the Spacecraft orbit selected,
which in turn depends on many factors, such as minimizing earth occultation, and
maximizing Spacecraft-Surface Laboratory view periods. Selection of a particular
landing latitude determines the relative positions of the Earth and Sun in aero-
centric coordinates with respect to the landing site and therefore constrains the
direct communications and daylight hours available per day. The latitude of the
subsolar point on Mars is shown in Fig. 2.4-3. The elevation of the Sun, as viewed
from the landing site, varies with landing site latitude and time. Sun elevation
is essential to computations for temperature control and solar-array pointing.
Another important parameter to thermal design, and solar-cell power output, is
the amount of daylight per day as a function of mission date and landing latitude.
This also enters into mission planning for TV and mobility operations.
Daylight time was computed as a function of date and latitude. These results
are presented in two forms in Fig. 2.4-4 and 2.4-5. For latitudes between +i0 deg
and -40 deg the daylight time can vary between II and 12.2 hours for the 1973 mis-
sion.
The Earth view time per day can be derived from the sub-Earth point and land-
ing point latitudes in a manner similar to the treatment of daylight.
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Time of Day (Longitude) - The choice of the landing time of day may be expressed
in terms of hours before the initial sunset. Figure 2.4-6 illustrates the general
geometry. The current mission concept results in the Surface Laboratory reaching
the Martian surface near the evening terminator. Direct communication with Earth
is not possible at touchdown.
Sun
Earth
Flight
Capsule
Deorbit
& Entry
Trajectory
Spacecraft
Fig. 2.4-6 Communication and Daylight Geometry Constraints
The choice of a particular time before sunset for landing is a decision based
on both Capsule Bus and Entry Science Package mission constraints. Because of the
higher priority assigned to these items, a landing early in the day to provide max-
imum data from the Surface Laboratory is not practical. The problem of maximizing
data from the Surface Laboratory before initial sunset then becomes one of maximiz-
ing the data returned through the first relay opportunity, which is discussed in
subsection 2.4.1.2 of Section I of Volume II.
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2.4.2 Direct Surface Laboratory-Earth Communication Link
The detailed analysis of this link is given in subsection 3.6.1. Only the
geometrical considerations are given here. The length of time the Surface Lab-
oratory can view the Earth depends on the date, Surface Laboratory latitude, as-
sumed elevation masks or slopes on Mars, and the allowance for multipath consid-
erations. As discussed in Volume II, Section I, subsection 2.4.1.3, the desirable
landing sites are between latitudes of -20 and -40 deg.
The time duration of the direct link is shown in Fig. 2.4-7 for two dates and
landing site latitudes of -20 and -40 deg. February 2, 1974 is the earliest al-
lowable arrival date, while April 24, 1974 is the latest allowable landing date.
If a 34-deg elevation mask and 6-deg multipath allowance are assumed at both ends
of the link (a conservative assumption) the shortest link duration is 4.4 hr. This
occurs for a latitude of -40 deg on April 24. A latitude of -20 deg gives a 6.4-
hr link on this date. The longest duration occurs for the earliest arrival date
and is 7.3 hr for both a -40 and a -20-deg site.
2.4.3 Relay Link
The post-land relay link is presented in two phases. The first phase is an
analysis of the possible links obtained, the time at which they occur, and the
duration of the link. The second phase then shows whether the possible links
yield good system margins (discussed in subsection 3.6.2). The first phase is a
geometry problem independent of antenna characteristics of the Flight Spacecraft
and Surface Laboratory. The initial post-land link has been discussed in subsec-
tion 2.4.1.2 of Section I of Volume II and is not considered in this analysis.
The following assumptions were used to analyze both of these phases:
i) Landing site latitude is the same as the Flight Spacecraft orbit inclina-
tion. (This is a good approximation for the 1973 mission; Flight Space-
craft orbit inclinations of 30 to 60 deg are considered.)
2) An elevation mask of 34 deg exists for the Surface Laboratory
3) The maximum allowable communication range is 5000 km (pc)
4) The atmospheric entry location, _, of the Flight Capsule is between i0
and 40 deg. (This is the central angle measured at Mars between Flight
Spacecraft periapsis and the entry point.)
5) Minimum contact time is 6 minutes
6) The 30 range of orbital period before orbit trim is between 6.2 and 11.8
hr. (This corresponds to periapsis altitudes between 800 and 1800 km and
apoapsis altitudes between 8500 and 16,500 km as discussed in subsection
2.4.1.2, Section I of Volume II.)
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7) Only the 1973 two-day mission is shown and oblateness effects are neglected.
For a given orbit and landing site latitude there exists a range of lander
right ascensions corresponding to a given Flight Spacecraft right ascension which
results in a link. This range must satisfy constraints 2), 3), and 5) above. If
the Flight Spacecraft right ascension is varied over 360 deg, the total range of
lander right ascensions that result in a link is defined to be f_. For the range
of orbits and inclinations considered, f_ varies between 140 and 170 deg. The
times at which links occur is shown in Fig. 2.4-8 as a function of orbital period
and _ for a f_ of 150 deg. The circled number by the lines refers to the orbit
number. No link is possible between 28.6 and 40.8 hr. For example, if the orbit-
al period were 7 hr and _ were 40 deg, links at 21.0, 27.8, and 49 hr would occur.
These times could be in error by _i hr because of approximations made in this ana-
lytical approach. At least one link a day is assured for all orbital periods. By
increasing f_, the range of periods that have a link on a given orbit number in-
creases while decreasing f_ has an opposite effect. A f_ of 140 deg, which occurs
for low periapsis altitude, is the worst case. There is no link on the second day
for an orbital period of 10.3 hr and a _ of i0 deg or for a period of 10.75 hr and
a _ of 40 deg. If a preselected landing site is desired, an orbit trim maneuver
to correct for period errors will be necessary. The possible orbits after trim
do not include these periods, using the reference trim strategy.
The time duration of the links shown in Fig. 2.4-8 can be found in Fig. 2.4-9
and 2.4-10. Figure 2.4-9 shows A(f_), the lander right ascension measured with
respect to the maximum right ascension possible, as a function of period. Figure
2.4-I0(a) shows this variable, _(fl_), as a function of time nondimensionalized
with respect to Flight Spacecraft orbital period. Figure 2.4-I0(b) finally relates
the actual time duration of the link as a function of Flight Spacecraft period and
nondimensional time. Taking the previous example of a 7-hr period and _ of 40 deg,
two links occur on the first day with A(f_) of I0 and i14 deg. These correspond
to _t/p of 0.017 and 0.067 which in turn correspond to time durations of 0.12 and
0.47 hr.
In general, the long-time durations occur before periapsis and at longer com-
munication distances than the. short-time durations occurring near periapsis.
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2.4.4 Surface Laboratory Performance Summaries
2.4.4.1 Power Profile Summary
The Surface Laboratory energy is supplied by three ii0 ah silver-zinc batteries.
The reference mission power profile is shown in Fig. 2.4-11. The total energy re-
quired is 9.478 kwh, with a minimum power of 129 w, a maximum of 374 w, and an av-
erage of 189 w.
2.4.4.2 Communication Link Summary
Direct Link - The direct link performance for the various communications modes
is shown here in the form of a plot of performance margin versus range and in a
summary table.
Figure 2.4-12 presents performance margin as a function of range and landing
date for the normal modes of telemetry transmission. The controlling data channel
performance is plotted for the various data rates as well as the carrier tracking
loop performance for two-way doppler. These performance margin curves are for the
high-gain antenna nominally pointed to within _3.5 deg of Earth (i db pointing
loss).
The PN/PSK link shown in Fig. 2.4-12 has been designed to support a data rate
of 112 bps with 5 db of antenna pointing loss (coarse antenna orientation) at the
maximum range for the mission.
A summary of the communications capability of the Surface Laboratory direct
communications subsystem is presented in Table 2.4-1. This table shows that with
the selected configuration, adequate margins exist for the 1973 mission under worst-
case conditions. These margins can be used for the larger communications ranges
that occur during later mission opportunities or in extended landed operation mis-
sions.
Relay Link - The worst-case signal performance margins anticipated during the
initial post-land contact period, resulting from the range of proposed mission pro-
files, is shown in Table 2.4-2. The worst margin for the preferred nominal mission
is included. The margins shown are the values that exist after all negative toler-
ances have been deducted. The performance margin is tabulated for each indicated
orbit and reflects the minimum margin that occurs during each initial post-land
time period for the indicated range of targeting parameter, 6, and the two atmos-
phere models (VM-8 and V-M-9) that bound the communications geometry. The range
of Spacecraft lead angles (%) considered in the table is consistent with the de-
scent maneuver strategy discussed in Volume II, Section I, subsection 2.4.1.3.
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2.4-1 Surface Laboratory Direct Communications Subsystem
Communications Capability Summary
2-99
Mode
PN/PSK teleme-
try
112 bps
112 bps
224 bps
448 bps
MFS telemetry
2 bps
Command
8-1/4 bps
Nominal Operations
An tenna
Pointing
Loss (db)
5
1
i
i
3
Range
(108
2.9
2.9
2.9
2.2
2.9
2.9
- 1973 Mission
Worst-Case
Performance
Margin (db)
+0.i
+4. i
+i.i
+0.5
+2.0
+4.5
Grayout Range
for Indicated
Pointed Loss
2.9 x 108 km
4.7 x 108(No Mars grayout)
3.3 x 108
2.3 x 108
N/A
Ground reflections could
reduce performance
margin by 2 db
4.9 x 108` km
(No Mars grayout)
Table 2.4-2 Surface Laboratory Relay Link Worst-Case Performance Margin (db)
Orbit
(km) (deg)
(Nominal Mission)
1300 x 12,500 25
1300 x 12,500 i0 to 40
800 x 8,000 I0 to 40
800 x 12,500 I0 to 40
1800 x 12,500 I0 to 40
1800 x 17,000 I0 to 40
(deg)
TI)+I
TD+3
TI>+5
TD+7
TD+9
TI>+14
_t
-i0
0 to -I0
0 to -IC
0 to -IC
-I0
-I0
Touchdown plus i minutes
Touchdown plus 3 minutes
Touchdown plus 5 minutes
Touchdown plus 7 minutes
Touchdown plus 9 minutes
Touchdown plus 14 minutes
Deorbit Trajectory Phase
rl>+l to TD+3 TD+3 to TD+5 .qI>+5to TD+7 TD+7 to TD+911D+9 to TD+I4
+18.6
+9.6
+6.3
+9.7
+14.2
+l1.9
+17.8
+7.1
+6.3
+9.7
+15.1
+13.4
Below elevation mask for entire range of _o"
+14.7
+7.1
+12.7
+11.3
+i0.5
+7.7
+I0.8
+8.7
#¢
+4.5
+5.7
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Worst-case surface slope is included in the table. The boresights of the Space-
craft-mounted relay antennas are adjusted before launch to favor the selected
Spacecraft orbit inclination and Capsule deorbit date to obtain the values indi-
cated.
Figure 2.4-13 shows the performance of the relay communications subsystem for
all contact periods after the initial post-land contact. The figure shows the
worst-case performance margin as a function of periapse altitude for bounding or-
bit inclinations of 30 and 60 deg and with the communications range limited to
5000 km. For a given orbit inclination and periapsis altitude, the lowest per-
formance margin for any of the usable links is shown.
A link analysis for the telemetry transmission relay uplink is shown in Table
2.4-3. The parameters represent conditions for the worst-case margins experienced
over the range of proposed mission profiles after touchdown for the initial con-
tact period.
2.4.4.3 Data Profile Summary
Surface Laboratory Telemetry Data - Measurements processed by the Surface Lab-
oratory telemetry subsystem are allocated by types as shown in Table 2.4-4. Each
data channel shown is sampled at varying periods during landed operations. Data
from the telemetry subsystem and science data subsystem (SDS) are transmitted at
different times depending on the mode selected and the communication system in
use at the time.
All Surface Laboratory System data transmitted by the telemetry subsystem, ex-
cept SDS Science Data, are formatted into two data formats, A and B. Format A and
B content is shown in Fig. 2.4-14. Data processed by the telemetry data encoder
are controlled in a single frame makeup, Format A. Format A is used to process
Surface Laboratory engineering, backup science, and SDS engineering data for real-
time transmission or periodic insertion into storage during nontransmitting periods
Each frame of Format A data contains the same information transmitted at different
rates (112, 224, 448, or 3584 bps) depending on the mode selected either by the
Surface Laboratory or by ground command. Each Format A frame contains 1120 bits
of which the current spare allowance is 336 bits or 30%.
The backup encoder uses data Format B and each frame of data of Format B is
identical. This format contains critical SLS engineering and backup science data
and is transmitted in real-time only via the S-band low gain omnidirectional an-
tenna at 2 bps. Each frame contains 1280 bits of which the current data bit spare
allowance is 250 bits or 19.5%.
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Table 2.4-3 Telemetry Transmission Relay Link Worst-Case Sample Design Control Table
Parameter
i. Transmitter Power
2. Transmitting Circuit loss
3. Transmitting Antenna Gain
4. Transmitting Antenna Pointing
Loss
5. Space Loss - F = 400 MHz,
R = 2630 km
6_ Polarization Loss
7. Receiving Antenna Gain
8. Receiving Antenna Point Loss
9. Receiving Circuit Loss
I0. Net Circuit Loss
Ii. Received Carrier Power
12. Receiver Noise Spectral Density
13. Predetection Noise Bandwidth
(Bit Rate = 3.6 kbps)
14. Receiver Noise Power
15. Carrier-to-Noise Ratio
Data Channel
16. Threshold Carrier-to-Noise Ratio
(Pc b = 4 x 10"3; WT = 9.5 db
17. Performance Margin
(without fading allowance)
18. Fading Allowance
19. Performance Margin
Sync Channel
20. E/No at Synchronizer Input
(WT = 9.5 db)
21. Bit Sync Circuit loss
22. E/No at Phase Lock Loop Input
23. Bandwidth Improvement Factor
24. Signal-to-Noise Ratio in 2BLo
25. Sync Loop Threshold
26. Performance Margin (without
fading allowance)
27. Fading Allowance
28. Performance Margin
Value
+44.8 dbm
-i.0 db
+5.0 db
-5.0 db
-152.9 db
-0.2 db
+8.0 db
-6.0 db
-i.0 db
-153.1 db
-108.3 dbm
-170.6 dbm
+45ol db
-125.5 dbm
+17.2 db
+2.5 db
+14.7 db
- 2.5 db
+12.2 db
+26.7 db
-7.8 db
+18.9 db
+25.5 db
+44.4 db
+20.0 db
+24.4 db
-2.5 db
+21.9 db
Tolerance (db)
(+_
1.0
0.0
0.5
0.2
0.5
0.0
1.2
2,2
1.0
0.4
1.4
3.6
1.0
4.6
2.0
6.6
3.6
0.5
4.1
0.5
4.6
1.0
5.6
2.0
7.6
(-)
0.0
0.5
0.5
0.3
0.5
0.5'
2.3
2.3
2.0
0.4
2.4
4.7
1.0
5.7
2.0
7.7
4.7
0.5
5.2
0.5
5.7
1.0
6.7
2.0
8.7
Notes
30 watts minimum
49 deg + 34 deg
slope
Medium Gain
Antenna
(+90 deg)
T = 1000°K, Max
sys
32 kHz + 10%
2BLo = i0 Hz
4 deg rms jitter
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Battery Measurement Multiplexer Data - The battery measurement multiplexer is
operational only during ground test. The measurements are brought out via a hard-
line through direct access connectors to the OSE. The multiplexer accepts 20 in-
dividual cell voltages and one temperature from each of the five batteries during
the post-sterilization formation charging cycle. The multiplexer has a total ca-
pacity of 180 channels of which four are reserved for sync and four for reference
voltages. Capacity for 172 channels of data is available, of which the current
spares allowance is 67 channels or 37%.
2.4.5 Checkout & Monitoring Studies
Assembly and Acceptance - Checkout of the Surface Laboratory through the as-
sembly, environmental and system tests up to terminal heat sterilization is con-
ducted in a conventional manner. The simulated mission sequences are generally
controlled by the operational flight sequencers that have special checkout se-
quences loaded in their memories. Test data are obtained through the flight telem-
etry, supplemented by direct access connections where necessary for higher accura-
cy and frequency response. External stimuli and simulators for nonreversible
functions and interface simulation are provided by the OSE as required.
Prelaunch - Immediately before terminal heat sterilization, pyrotechnics and
experiments performing irreversible functions are installed and connected as ap-
plicable and the sterilization canister is installed and sealed. Access to the
system after this time is limited to remote stimulus and monitoring. Testing py-
rotechnics, deployment devices, and some RF radiating elements are impractical in
this configuration. Within these constraints, a detailed system test is conducted
before and after the heat sterilization. The post-sterilization test is run or
rerun within ten days of moving the vehicle to the launch pad. During the heat
sterilization period, personnel and equipment safety monitors are obtained redun-
dantly through special multiplexers powered and controlled by the OSE. Monitors
required only during the initial battery charging in the post-sterilization period
are also brought out through these multiplexers. Three additional inflight sepa-
ration connectors would be required to hardwire the 105 measurements handled by
these units.
At the completion of the post-sterilization operations, the Flight Capsule
is married to the Spacecraft and a Planetary Vehicle CST is conducted to verify
functional compatibility between these elements. A simulated mission sequence is
conducted through Flight Capsule/Spacecraft separation. Capability to reprogram
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the Surface Laboratory through the Spacecraft is verified during this test. At
the completion of this test, the flight mission parameters are loaded into the
memories and the Surface Laboratory systems shutdown.
The activities from this time on are limited to installing the launch vehicle
shroud, transporting the entire assembly to the pad for installation on the launch
vehicle, mating the Planetary Vehicle to the launch vehicle, and preparing the
space vehicle for launch. The Surface Laboratory systems are dormant during this
entire period with the exception of periodic status monitoring. Considering this
inactive condition and the following factors, performance of a Surface Laboratory
systems test on the launch pad does not increase the probability of achieving a
successful mission and is therefore, not a planned operation.
i) The time between the post-sterilization tests and launch is small com-
pared to the time from launch to the initiation of the active Capsule
Bus mission (_i/I0)
2) Approximately half of the predicted failures during this period cannot
be detected by a practical check
3) Status monitoring will detect malfunctions in those elements under the
greatest stress (batteries)
4) Conducting an active checkout increases the chances for failure.
Checkout capability is provided if an abnormal event such as a Spacecraft malfunc-
tion or violent weather should occur. This capability uses the Spacecraft power
and communication link and is controlled and monitored from the LCC.
Hardwire safety control and monitoring, and periodic status monitoring is pro-
vided for until launch.
Mission - From liftoff to Mars landing, all Surface Laboratory systems except
the thermal control elements are dormant. Status is monitored through the Space-
craft systems via the Capsule Bus. The Spacecraft can reprogram the stored mis-
sion parameters by command from the Earth.
Preseparation checkout of the Surface Laboratory was studied and rejected be-
cause:
I) Activation of the Surface Laboratory introduces potential malfunction
modes which would be catastrophic to the entire Flight Capsule mission
2) Knowledge concerning the status of the Surface Laboratory at this time
cannot add measurebly to mission success. Adequate reprograming time
is available after landing to take advantage of the built-in system
flexibility features before mission completion.
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Post-landing checkout is limited to that required to calibrate experiments
for post-flight experiment data analysis.
In summary, the checkout philosophy is to provide special stimuli for test
purposes at specific times and points only if that action aids in the success-
ful achievement of the mission objectives. Data for diagnostic and performance
evaluation purposes are obtained by monitoring these tests and the system per-
forming its required operations.
2.4.6 Exceptions to Capsule Constraints Document
The preferred Surface Laboratory design includes three system features that
conflict with specific statements in the Capsule constraints document. However,
the intent to simplify the design while achieving minimum system interfaces to
the extent practicable is maintained.
The constraints document states that no primary commands will be supplied to
the Surface Laboratory from the Capsule Bus. This constraint can be complied
with only by providing a sensor within the Surface Laboratory to initiate the
Surface Laboratory sequence at or near touchdown. To ensure that this function
is not activated early, an arming signal must be provided after entry and ter-
minal descent are completed. Both of the functions require that the Surface Lab-
oratory be activated before entry. This action introduces potential malfunction
modes that would be catastrophic to the entire Flight Capsule mission. Signals
generated in the Capsule Bus that are essential to a successful landing are, there-
fore, used to perform this function. These are vernier engine start and shutdown.
Space and weight limitations on the Spacecraft virtually dictate using common
antennas for the Capsule Bus, Surface Laboratory, and Entry Science Package. The
weight savings is 25 lb. In addition, since the Surface Laboratory relay link is
not required until the Capsule Bus has completed its mission, a common receiver
is used simplifying the system and saving 5 lb.
The third item concerns the Surface Laboratory battery charging circuits.
Since this equipment is not required after separation, it is not desirable to
carry it to the surface. By locating this unit on the adapter, about 5 additional
Ib of landed payload is available and additional potential critical malfunction
modes are eliminated.
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3. SURFACE LABORATORY SUBSYSTEMS
3.1 Structures and Mechanisms Subsystem
The structural subsystem discussed in this subsection includes the basic
structure to which all other Surface Laboratory equipment is mounted and also
provides the interfacing field joint with the Capsule Bus structure. The second-
ary structure consists of external brackets, secondary beams, intercostals, and
other load-carrying members that are required for support and attachment of Sur-
face Laboratory equipment to the primary structure.
The mechanisms discussed are those required for release, deployment, and po-
sitioning of the various experiments that constitute the Surface Laboratory Sci-
ence Payload.
3.1.1 Requirements and Constraints
The basic requirements and constraints that the Surface Laboratory structural
and mechanical subsystem must satisfy are as follows:
I) Fit within the envelope constraints imposed by the Capsule Bus structure
with field joint attachment at the designated locations (Fig. 3.1-1)
2) Be easily installed (and removed) as a single unit to the Capsule Bus
3) Provide adequate mounting capability and support for the experiments,
communications, power supply, and all other Surface Laboratory-associ-
ated equipment
4) Meet or better the weight allocation
5) Withstand all natural and induced environments such as
a) Static, shock, and vibration loads as a result of handling, shipping,
launch and separation, flight, entry, and landing
b) Thermal conditions imposed by the basic mission as well as the pos_
sible incorporation of a radioisotope thermoelectric generator (RTG)
c) Martian surface environments, including wind, dust, and radiation
6) In addition to the environments noted above, the effects of the sterili-
zation heat cycle must be considered as it applies to
a) Relative expansion and contraction between mating parts
b) Long-term effect on the physical properties of materials such as deg-
radation of yield strength and resistance to corrosion
c) Introduction of "creep" in any parts exposed for long periods to heat-
ing and cooling cycles
d) Sealing of mechanism elements using fluids for damping or actuation
7) Be designed and fabricated with state-of-the-art techniques to the great-
est extent possible.
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$.1.2 Preferred Preliminary Design
Structures - A concept for a structural subsystem that meets the requirements
and constraints and is compatible with the present complement of Surface Labora-
tory equipment is shown in Fig. 3.1-1. The structure supporting the experiments
and housing the batteries and electronics consists of a box-type structure capable
of withstanding loads along all major axes. This web and cap structure was chosen
over other arrangements for structural efficiency, facility of mounting, ease of
attachment to the Capsule Bus structure, and simplicity of fabrication.
The vertical wall beams of the box are the primary load-carrying members.
Each beam is manufactured as an integral unit. Upper and lower flanges, shear
webs, and vertical and horizontal stiffeners are built from aluminum alloy. This
design was used for minimum weight, maximum mounting space, and inherent rigidity.
The beams are reinforced at the corners and spliced to transfer shears and moments
to obtain structural continuity. The upper and lower faces of the box are covered
with skin to obtain maximum torsional and flexural rigidity. The lower skin is
removable for access.
The equipment is mounted directly to the primary structure at corners and at
other inherently stiff areas, and directly in line with centroidal structural load
paths. Where possible, the structure acts as a heat sink or provides insulation
to simplify thermal control. Secondary structure such as external brackets, beams,
and intercostals, are used for mounting equipment that cannot be mounted directly
to the primary structure.
Fittings for attachment to the Capsule Bus structure are provided at three
corners of the Surface Laboratory System equipment box, and are cast into the in-
sulation. Detail design of the fittings is similar to that for the Mobile Surface
Laboratory. This design prevents deflection of the Capsule Bus from inducing
loads into the Surface Laboratory System structure. Design of the fittings mini-
mizes thermal conductance by minimization of section areas and choice of material.
Preliminar Y Design Loads - The load factors used for preliminary design and
analysis of the structure are tabulated below.
Condition Z-Axis (g)
Boost -7.5
5.0
Deorbit -0.96
Entry 16.3
Landing 15.0
X-Y-Plane in
Any Direction (g)
1.875
0.3
i0.0
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These values are ultimate loads (1.25 x limit loads). In addition to these
flight loads, all structures must withstand wind loads on the Martian surface
equivalent to an Earth wind load of 40-mph velocity.
Mechanisms - The mechanical subsystem discussed is that used to deploy and
position the various experiments. These include the gimbal assemblies for point-
ing the TV cameras, and deployment mechanisms for the atmospheric boom, the alpha-
scattering spectrometer and radioactive metabolism experiments, and the steerable
S-band antenna mast. Figures 3.1-2 and 3.1-3 show the externally mounted assem-
blies in stowed and deployed configurations. The concepts incorporate the basic
functional requirements. They are intended to demonstrate feasibility ahd to pro-
vide preliminary determinations of weight_ power, vohlme, and reliability. Opti-
mization of the designs and solution of problems such as lubrication, steriliza-
tion and thermal controls is continuing.
TV Gimbal Assemblies - Each of the two television cameras is supported by a
biaxial gimbal to point the camera during the picture taking sequence. The gim-
bal used for Camera A (shown in Fig. 3.1-4) is mounted to the antenna mast direct-
ly below the antenna with azimuth and elevation axes parallel and perpendicular
to the mast axis. Rotation about each axis is accomplished by a motor-gearhead
drive, providing +_100 and +--125 deg of rotation about the azimuth and elevation
axes, respectively. This provides the camera with complete panoramic coverage.
Potentiometers provide position feedback to the controls located within the Sur-
face Laboratory. Mechanically, the gimbal consists of a two-part support ring
that attaches the gimbal to the mast and provides bearing support for the drive
housing that, in turn, supports the camera attachment yoke.
The gimbal used to point Camera B (Fig. 3.1-5) is functionally similar to the
Camera A gimbal; however, it is mounted directly on the Surface Laboratory second-
,ary structure to give the camera a clear view of the Martian surface adjacent to
the laboratory, and a limited view outside the lander. Rotational capability of
+--190 deg in azimuth and +125 deg in elevation provides camera coverage for all
anticipated surface terrains.
Atmospheric Sensor Deployment - The atmospheric sensors used to measure tem-
perature, pressure, humidity, and wind velocity are mounted at the end of a 72-
in. long thin-walled cylindrical boom. The instruments are deployed as far away
from the Capsule Bus as practical to minimize measurement errors resulting from
wind turbulence and convective heating. The boom lies along one side of the
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Surface Laboratory structure in the stowed position, and is supported and retained
by a squib actuated release. On release, a spring actuator pivots the boom to the
deployed position.
The actuator consists of a coil spring (Fig. 3.1-6) and incorporates a damper.
In the stowed condition, the spring is compressed. On release, the spring pro-
vides the force to rotate the boom about a fixed axis, the rotation rate being
controlled by the damper. When deployment is complete, the actuator is mechani-
cally locked to provide positive positioning and rigid support for the boom. The
actuator design is similar to those used to deploy solar cell panels and antennas
on Ranger, Mariner, and Lunar Orbiter.
Two alternative mechanisms that were considered for deploying the atmospheric
sensors were telescoping cylinders and furlable tapes that are uncoiled from the
drum to form a tube. The results of preliminary evaluation are shown in Table
3.1-1. The pivot boom has qualitative advantages from the standpoints of simplic-
ity, weight, and reliability. In addition, an investigation of the deployment re-
quirements and the Surface Laboratory configuration indicated no serious disad-
vantages. Therefore, the pivot boom deployment method was selected as the pre,
ferred approach.
Table 3.1-1 Comparison of Atmospheric Sensor Deployment Methods
Telescoping Cylinder Furlable Boom Pivot Boom
Advantages
Tube Section Pro-
vides High
Strength
Compact Storage
Volume
Disadvantages
Advantage s
Long Deploy-
ment Length
Compact Storage
Volume
Variable Deploy-
ment Length Capa-
bility by Motor-
Drive Sys tern
Dis advantage s
Advan tage s
Solid Tube
Section Provides
Hi'gh Strength-to-
Weight Ratio
Simple Deployment with
Few Moving Parts
Light Weight
Disadvantages
Low Reliability of
Sliding Joints
Weight Owing to Joints
& Overlap
Mechanically Complex
Low Strength Owing
to Open Tube Section
Position Control of
Sensors Difficult Ow-
ing to Twisting of
Tube
Weight Penalty
Large Stowage Volume
Required
Deployment Length
Limited by Stowage
Considerations
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Fig. 3.1-6 Atmospheric Experiments Boom Deployment Mechanism
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Surface Experiments Deployment - The alpha-scattering spectrometer and radio-
active metabolism experiments are deployed to the Martian surface as a single unit.
This instrument unit is stowed on the side of the Surface Laboratory structure and
released by a squib-actuated pyrotechnic unit.
The unit is deployed slowly to the surface by a pair of thin cables from the
motor-driven storage drums (Fig. 3.1-7). A motor drive is used to assure that
sufficient torque is available to overcome the friction in the deployment mechan-
ism. The cable storage drums are driven by a common motor and are connected by
a thin-wall torque shaft. This shaft is flexible and is axially constrained at
one end only to prevent overload and possible binding of the bearing owing to
misalignment of the mounting brackets. Such misalignment could result from de-
flection of the Surface Laboratory structure during landing.
Antenna Deployment Mechanism - The antenna deployment mechanism is a crank-
type lever actuated by a pyrotechnic gas actuator (Fig. 3,1-8). A spring
lock slide wedges into a slot to secure the boom in the vertical position. The
overtravel of the boom during the erecting motion is damped by a spring-loaded
shoe having a cam surface for a positive stop. This stop prevents forward momen-
tum from forcing the boom beyond the design compression of the damper spring.
The vertical alignment is obtained from the wedge back surface that is lo-
cated by the pillow block shaft hole and the corresponding slot surface on the
boom fitting. These are surfaces machined from common hole center locations to
maintain accurate alignment of the boom.
Actuation of the pyrotechnic gas piston is by electrical command. Controlled
gas generation rate gives a relatively slow pressure buildup so that the motion
imparted to the boom erection is smooth and can provide gas in excess of the nor-
mal erection requirements. This reserve gas pressure contributes to the relia-
bility of the actuator system. A bleeder valve in the gas actuator controls
the boom motion so that the final travel of the cycle is subjected to reduced
pressure and will not slam the boom into the damper shoe. The secondary cylin-
der is a backup to this system, which receives the bypassed gas. When this aux-
iliary cylinder re_ches equilibrium with the main cylinder, the piston is again
subjected to the full gas pressure, ensuring positive erection of the boom.
Several alternatives to the gas piston antenna mechanism were investigated.
A spring-drive Saginaw mechanism translating linear spring travel into rotating
motion to drive a cone worm and wheel is shown in Fig. 3.1-9. Electric motors
and harmonic drives were also examined as possible methods of deploying the
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antenna boom. In all cases, these methods were less desirable. A preliminary
weight comparison of the various deployment mechanisms is shown in Table 3.1-2,
which indicates that the pyrotechnic piston exhibits the minimum weight.
Table 3.1-2 Antenna Deployment Mechanism Weight Comparison
Unit Weigh t (Ib)
Pyrotechnic 5.2
Gas Piston
Crank Drive
Spring Driven 8.72
Saginaw & Cone
Gear Mechanism
Harmonic Drive 9.00
Motor Erection
Coil Spring 8.55
or Negator Spring
Electric Motor 10.75
A preliminary analysis was made to determine antenna mast size and weight re-
quirements. The major consideration in sizing the mast is the deflection that
could result in the mast because of wind pressure acting on the antenna dish dur-
ing transmission. This deflection coupled with the deflection in the deployment
mechanism and antenna gimbal must be sufficiently small to prevent decrease in
effective antenna gain due to pointing errors. Assuming the mast to be a thin-
walled 4-in. diameter by 60 in. long cylindrical cantilever with the antenna at-
tached to the free end, Fig. 3.1-10 shows the relationshi p of wall thickness ver-
sus deflection angle and weight for two representative materials (aluminum and
steel).
For the present analysis, a mast deflection angle of 5.5 mrad was selected
resulting in a mast weight of 3.8 lb.
Weight Summary - Table 3.1-3 presents the weight estimates for the mechanical
devices discussed above.
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3.2 Surface Laboratory Thermal Control
This subsection discusses the Surface Laboratory thermal control requirements
and constraints, the preferred preliminary design, analysis of the selection of
the preferred approach, subsystem analyses and trade studies, and Martian surface
environmental testing.
3.2.1 Requirements and Constraints
Mars Surface Thermal Environment - Any estimate of the Mars surface environment
is subject to considerable uncertainty and, therefore, must include large margins.
The parameters to be considered include such direct effects as solar flux at the
Martian surface, surface and atmospheric temperatures, Martian surface _ and 6,
and such indirect effects as dust accumulation and erosion of the Laboratory sur-
face and insulation. Table 3.2-1 lists the environmental parameters that will
affect the thermal performance of the Surface Laboratory and the estimated ranges
of each parameter.
Table 3.2-1 Martian Environmental Parameters
Environmental Parameter Estimated Range
Solar Flux at Mars (Btu/hr-ft 2)
Solar Transmissivity of Atmosphere
Solar Absorptivity (5) of Martian Surface
Emissivity (e) of Martian Surface
Martian Surface Thermal Properties,
(Btu/ft 2- °F-hr ½ )
Martian Surface Temperature (°F)
Wind Velocity (fps) (2)
Atmospheric Pressure (mb)
Atmospheric Temperature (°F)
Atmospheric Composition
Terrain
Landing Locations (3)
162 to 232
0 to 1.0
(I)
0.65 to 0.95
0.65 to 1.0 (1)
0.2 to 6.0
-190 to 120 (1)
0 to 147 (1)
5 to 20 (1)
-190 to 120
C02 I(VM Atmos_N2 pheres)
A
Flat, slopes to 34 deg,
slight probability of
sharp cliffs & depres-
sions
Expected to be +_60 deg
latitude at any longitude
(i) Indicates data from Constraints Document.
(2) Continuous i m above the surface.
(3) 1973 landing locations i0 ° N to 40 ° S.
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The environmental parameters shown in Table 3,2-1 were analyzed to determine
the combination that would provide the hottest and coldest conditions inside the
Surface Laboratory. These hot- and cold-case parameters are shown in Table 3.2-2.
The selection of the cold extreme combination was taken directly from Table 3.2-1.
In the hot case, the combination of Mars surface 5, c, and_ is the opposite
of the combination one would use to calculate the maximum instantaneous Mars sur-
face temperature because:
I) A minimum _ results in a maximum planet-reflected solar radiation on the
lander
2) A maximum value of k_ results in a higher average value of Mars surface
temperature
3) The higher emissivity increases the planet-emitted radiation on the lander.
The density and continuous windspeed of VM-10 produces the limiting cold-case
convective conditions listed in Table 3.2-2. However, because of the uncertainty
in the convective conditions, the design was based on an infinite film coefficient
and is independent of windspeed.
Table 3.2-2 Hot and Cold Extreme Environments
Environmental Parameter Cold Case Hot Case
I. Solar Flux at Mars (Btu/hr-ft 2)
2. Solar Transmissivity of Atmosphere
3. Solar Absorptivity (5) of Martian
Surface
4. Emissivity (c) of Martian Surface
5. Martian Surface Thermal Inertia
(Bt u/ft 2- °F-hr ½)
6. Martian Surface Temperature (°F)
7. Wind Velocity (fps) (Continuous
at 1 m elevation and 20 mb)
8. Atmospheric Pressure (mb)
9. Atmospheric Temperature (°F)
I0. Atmospheric Composition
0
0.85
232*
1.0
0.65
-190
1.0
6.0
Calculated Using
Parameters I to 5
ii. Terrain
12. Landing Locations
74
20
-190
Maximum
Conductivity
Gas
Flat
0
5
Minimum
Conductivity
Gas
Trench with 34-deg
Slopes
Subsolar Point
*For the 1973 mission, 188 Btu/hr -ft2 was used.
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Component Temperature Limits - Operating and nonoperating equipment tempera-
ture limits are given in Fig. 3.2-1. The most significant operating temperature
limits are the batteries (50 to IO0°F), biological analyzer (85 to 90°F), and the
gas chromatograph mass spectrometer (97 to 420°F).
Power Duty Cycle - Figure 3.2-2 shows the power duty cycle for the equipment.
The most important feature from a thermal control standpoint is the large peak due
to the S-band transmitter, which occurs during the Mars day.
Life Requirement - The life requirement on the Mars surface for the 1973 mis-
sion is 50 hr.
3.2.2 Preferred Preliminary Design
Subsystem Description - Figure 3.2-3 shows the preferred thermal control sub-
system for the 1973 mission consistent with the previously discussed requirements
and constraints. The subsystem consists of the following:
I) 4 in. of insulation over the exterior of the Surface Laboratory System
2) A special geometrically blackened surface on the outside of all exterior
insulation
3) 3 in. of insulation on the battery, biological analyzer, and gas chromato-
graph compartments
4) Thermostatically controlled heaters in the four compartments
5) Phase change material on the S-band transmitter and biological analyzer
6) High emissivity coatings on all interior equipment
7) Insulation and thermostatically controlled heaters on the external equip-
ment that requires thermal control
Table 3.2-3 summarizes the hardware used, including its function, description,
weight, power, and development/sterilization status.
During terminal heat sterilization, the Surface Laboratory is installed in the
Capsule Bus. Internal sterilization heaters are used to bring the Surface Labora-
tory to sterilization temperature in a reasonable time. During ground checkout,
most of the heat must be absorbed in the equipment and structure because of the
high thermal resistance of the insulation. From launch to Capsule Bus Spacecraft
separation, the Surface Laboratory is thermally controlled by the Capsule Bus ther-
mal control subsystem (Vol II, Section I, 3.2). At separation, the Surface Labor-
atory is exposed to the space environment along with the Capsule Bus equipment.
The Surface Laboratory temperatures drop during descent; to ensure that the Surface
Laboratory is within acceptable temperatures at landing, thermostatically controlled
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heaters are powered by the Capsule Bus System during this period. On the Mars
surface, the heaters and insulation are adequate to maintain the equipment above
the low temperature limits. The phase-change material and equipment heat capac-
ity are adequate to prevent overheating.
Internal Equipment Performance - The preferred design was analyzed using the
power duty cycle given in Fig. 3.2-2; the following assumptions were made:
I) All penetrations will not exceed 5% of the heat loss through the insula-
tion
2) The insulation conductivity is 0.0125 Btu/hr-ft-°F, and density is 0.9
Ibml ft3" The conductivity is typical for polyurethane foam, while the
density is half that of the foam material. These values are obtainable
with a lattice-type structure of polyurethane foam in a CO 2 environment.
It is assumed that the final insulation selected will have a (kp) product
equal to or less than 0.0112 for open lattice polyurethane foam
3) Hot and cold extreme environments - The hot and cold extreme environments
used in the analysis are given in Table 3.2-2
4) Surface exterior _ and c - An important indirect effect of the environ-
ment is the effect of dust accumulation and erosion on the lander surface
and c. The analysis assumed that _ and c could be maintained between
0.6 and 0.95. For the hot extreme, _ = 0.95 and c = 0.6 were used. In
the extreme cold case, an c = 0.95 was used, and _ is not involved because
no solar radiation is incident on the lander
5) Landing times - Landing will occur between I and 2 hr before sundown. In
the hot extreme, a landing of 2 hr before sundown was used. In the cold
case, landing time is not a factor
6) Batteries will provide 25 wh/Ib of battery.
First, a preliminary analysis was performed in which steady-state conditions
were assumed for the 50-hr life. The electronics compartment temperature was
taken as 25°F with a constant electronic thermal output of 132 w, the battery
compartment was assumed to be at 50°F with a constant thermal output of 5.2 w,
and the temperature of the outer insulation surface was -190°F. The battery com-
partment insulation, optimized as shown in Fig. 3.2-4 at an insulation thickness
of 3 in., which is the point where the internal heat rejected by the batteries, is
adequate to maintain the minimum temperature. The same procedure was used to opti-
mize the external insulation weight as shown in Fig. 3.2-5.
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Again, the optimum insulation thickness, (4 in.) occurs at the point where the
heat rejected by the internal electronics is adequate to maintain the minimum
temperature. This process was repeated to determine the insulation thickness re-
quired on the gas chromatograph to hold it above 97°F and on the biological anal-
yzer to hold it above 85°F. Because of space limitations, a slightly off-optimum
thickness of 3 in. was selected.
A more detailed analysis was performed to determine the temperatures during
the cold environment with the actual power duty cycle and to determine the amount
of phase change material required to prevent overheating in the hot case. The
nodal diagram used is shown in Fig. 3.2-6.
Gas Chromatograph
Biological Analyzer
S-Band Transmitter
Batteries
Electronics
Outside
Surfaces
Fig. 3.2-6 Preferred Design Nodal Diagram
The conductances between the electronics compartment and the exterior sur-
faces, the battery compartment, the gas chromatograph, and the biological analyz-
er were assumed equal to the insulation conductance. The S-band transmitter was
radiatively coupled to the electronics with a view factor of 1.0 and an emissivity
of 0.9. Heat fluxes consistent with the hot extreme environment from Table 3.2-2
were input to the surface nodes as a function of time of day. Phase change mate-
rial was added to the S-band transmitter and biological analyzer to prevent over-
heating in the hot extreme environment. Nonadecane is used on the biological
analyzer and tricosane is used on the transmitter. Figure 3.2-7 shows the tem-
perature history of the internal compartments as a function of time from landing
for both the hot and cold cases. To obtain the worst cold-case condition, it was
assumed that the outer insulation surfaces were at -190°F, which would require an
infinite convection heat transfer film coefficient.
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Assuming an infinite film coefficient makes the design independent of wind
conditions and costs a maximum of 4 ib in insulation weight.
External Equipment Performance - Figure 3.2-1 gives the temperature require-
ments, and Fig. 3.2-2 gives the power duty cycle for the external equipment. As
shown, some of the equipment is capable of operating in the ambient environment
and will require no thermal control. The remaining equipment, however, must be
thermally protected. This includes both television cameras, the drill and sample
elevator, the sample processor and distributor, and the alpha-scattering spectrom-
eter.
Thermal control of external equipment will consist of thermostatically con-
trolled heaters and insulation that will be an integral part of the design of
each component. The insulation thickness was established by optimizing system
weight for the cold extreme environment with the equipment maintained at the min-
imum allowable nonoperating temperature. The maximum heater power required is
that needed to offset the rate of heat loss at these conditions. The optimum
thermal system of each unit was then checked, with the unit operating in the hot
environment, to determine if overheating would occur. All units remained below
the maximum allowable operating temperature, with optimum insulation system weights.
For the analysis, the insulation was assumed to have the following properties:
i) Thermal conductivity of 0.0125 Btu/hr-ft-°F
2) Density of 0.9 ibm--/ft3
3) Absorptivity of 0.95
4) Emissivity of 0.60
In determining battery weight, it was assumed that 25 wh/Ib of battery were avail-
able. To make the design independent of wind conditions for the cold extreme, it
was assumed that the outer surface of the external equipment was at -190°F. For
the hot extreme, the Martian surface was assumed to have an _ of 0.65 and an c of
1.0. Sizes and weights for equipment requiring thermal control are:
Component
TV Camera
Drill & Sample Elevator
Sample Processor & Distribution
Alpha-Scattering Spectrometer
Weight (Ib)
15 each
28
5
5
Size (in.)
4 dia by 12 long
4 dia by 36 long
3 dia by 8 long
5 1/4 by 4 1/2 by 6 3/4
The results obtained for this equipment are discussed in the following paragraphs.
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TV Cameras - The deployable TV and the fixed-position TV are protected by a
7.l-w heater and a 3-in. covering of insulation (2.6 Ib) to withstand the cold
environment and maintain the unit above 5°F. The total thermal control energy
requirement for both TV cameras is 710 wh.
Thermal isolation material is included in the design of the lens housing be-
tween the housing and the glass dust cover to reduce the degree of thermal short-
ing in this area. Also, the lens housing will be constructed of low thermal con-
ductivity material (for the analysis, 0.032-in.-thick stainless steel material was
assumed). Further, the heat leak through the camera mount will be minimized by
employing a thermal isolator rod such as a glass phenolic material between the
camera and the elevation pivot.
Surface Soil and Subsurface Gas Sample Drill - Thermal protection of this
unit in the cold environment is provided by a 5-w heater and 2 in. of insulation
weighing 1.9 lb. Because the unit obtains the last sample approximately 36 hr
after landing and is not used again, protection after this time is not required.
One hundred eighty watt-hours will maintain the unit at or above -115 ° for 36-hr
in the cold environment. Because the driii operation is of short duration, over-
heating will not occur in the hot environment.
Sample Processor and Distributor - The processor and distributor will be oper-
ated over two 15-minute periods. The last operation occurs about 36 hr after
landing, and no temperature conditioning is needed after this time. Maintaining
the unit at or above -155°F in the cold environment requires a 1.75-w heater and
0.2 Ib of 2-in.-thick insulation. The maximum thermal control energy require-
ment is 63 wh.
Alpha-Scattering Spectrometer - This unit is lowered to the Martian surface
along with the metabolism detectors. Because the signal from the detector of the
unit is extremely weak, it must be amplified before being transmitted to the sig-
nal conditioner inside the Surface Laboratory. Therefore, an electronic unit is
packaged with the detector; this unit requires thermal protection during nonoper-
ating periods covering a total of 27 hr. A 1.85-w heater with thermostat and 4½
in. of insulation weighing 0.5 Ib are used to keep the unit above the minimum op-
erating temperature of 0°F. A total of 50 wh is required.
Terminal Heat Sterilization - Figure 3.2-8 shows the temperature versus time
of two compartments in the Surface Laboratory during sterilization. To reach the
sterilization temperature in a reasonable time, it is necessary to provide internal
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heaters with a total output of at least 500 w (200 w each on the electronics and
battery compartments and 50 w each on the biological analyzer and gas chromato-
graph/mass spectrometer). This power is supplied by the Operational Support Equip-
ment (OSE) system.
300
Legend: I
No Power Applied I
I200 w Applied to Elec-tronics & Battery
Sterilization Temperature
I
I
I
Main
Electronics
Battery
0
0
300 F
o 200
v
 ton4.1t_
100
I I I I 0 I I
20 40 60 80 0 20 60
Time (hr)
(a) Heating Cycle (b)
Fig. 3.2-8 Surface Laboratory Heat Sterilization Transients
I I
40 80
Time (hr)
Cooling Cycle
As shown in Fig. 3.2-8, the cooldown time of the Surface Laboratory is also long.
Studies must be conducted to determine whether it is necessary to add a method of
internal cooling of the Surface Laboratory to reduce the time of high-temperature
exposure.
Separation to Landing - During this phase of the mission, the Surface Labora-
tory is exposed to the space environment. Analyses for this time period show that
the Surface Laboratory temperatures continually decrease for all conditions studied.
The maximum temperature decrease is 15°F. To ensure that all Surface Laboratory
equipment lands at or above the minimum temperature requirements, all thermostati-
cally controlled heater circuits are activated by the Capsule Bus before separation.
During entry, there is aerodynamic base heating of all the equipment including the
Surface Laboratory. The Surface Laboratory equipment must withstand the maximum
expected base heating fluxes given in Figure 3.2-9.
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Fig. 3.2-9 Base Heating Flux
Interfaces The system thermal interfaces are:
I) Power for the sterilization heaters is provided by the Capsule Bus Sys-
tem OSE
2) Cruise mode thermal protection is provided by the Capsule Bus thermal con-
trol subsystem
3) Heaters are activated at separation and use Capsule Bus power.
Reliability - The allocated reliability for the thermal control subsystem is
0.999, and the predicted reliability of the preferred system is 0.9999. The only
single failure mode in the system is a structural failure of the insulation. Be-
fore use, the insulation will be thoroughly tested with adequate margin above the
expected vibration and shock loads. All heaters are the wire mesh type that are
insensitive to internal wire opening or shorting. Series-parallel, redundant
thermostats are used throughout the system. The phase-change material is com-
partmentalized so that leakage can occur in any compartment without adversely
affecting the system.
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Physical Characteristics - Physical Characteristics of the thermal control
subsystem are described in the following paragraphs.
Insulation - Table 3.2-4 lists some candidate materials along with values of
k and p. For the analysis, the conductivity of polyurethane foam was used with
a density of 0.9 Ib/ft 3. This density could be achieved by designing a lattice
structure of foam in which half the volume of foam is removed. The conductivity
of the Mars atmosphere is less than the foam. This design combination has a (Ko)
product of 0.0112. Both fiberglas and dimplar have lower (kp) products and are
insulation system candidates. Preliminary thermal and sterilization testing on
polyurethane foam indicates that it is an acceptable insulation material. How-
ever, considering the importance of the insulation to the design it is recommended
that sterilization and thermal testing of multiple candidate materials be completed
before a final selection is made.
Table 3.2-4 Candidate Insulation Materials
Material
Cork
Min-K 1301
Silicone Foam
Microquartz
Microfiber
Perlox Powder
Polyurethane Foam
Fiberglas AAA#
Dimplar, i0
layers/in.
Density
(ib/ft 3)
20.8
20.0
8.5
6.0
Conductivity
Btu
ft--_r- °R ]
0.0266
0.015
0.0258
0.01835
Density x
Conductivity
Product
0.553
0.30
0.219
0.I01
C omme nt s
5.0 0.0167
3.0 0.02
I .85 0.0125
0.53 0.0208
0.53 0.0175
0.53 0.0132
0.85 0.007
0 .O83
0.06
0.0231
0.011
0.0093
0.007
0.006
5-rob air at 75°F
5-mb air at II5°F
Conduction CO 2
at 0 °F
*Values at normal room temperature and in air at 1 atm pressure unless otherwise
noted.
#Lightest oK value of the various grades and densities of fiberglas.
Heaters and Thermostats - Based on preliminary studies, the use of wire mesh
blanket heaters is recommended. This type of heater is highly reliable because
internal open or short circuits will have little effect on performance. Both
direct, bimetallic snap action thermostats and thermistors using solid-state
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switching are candidates; preliminary study shows that the bimetallic type is sim-
pler and more reliable. Electrical interference and sterilization aspects must
be studied in more detail before a final selection can be made.
Phase-Change Material (PCM) - In general, phase-change materials should have
the following properties:
I) High heat of fusion
2) Low coefficient of volumetric expansion in both phases and during tran-
sition
3) High density
4) Nontoxity and noncorrosivity
5) High thermal conductivity in both phases
6) High heat capacity in both phases
7) Low vapor pressure at sterilization temperatures.
The material is required to have a melting point so that it is in solid form on
landing. Also, the melting point must be below the upper operating temperature
limit of the electronic equipment to prevent overheating. A transition tempera-
ture of 85 to i25_F will satisfy this requirement.
Table 3.2-5 lists some candidate phase change materials. The performance of
eicosane, tricosane, and tetracosane as phase-change materials for the S-band
transmitter was studied; tricosane was selected because it provided a better tem-
perature range and lower weight. Nonadecane was selected to control the tempera-
ture rise of the biological analyzer because its transition point is within the
required range of 85 to 90°F. These materials have the desired thermal proper-
ties, but they are normal paraffins that can be confused with life forms in the
event of leakage. Additional study may lead to phase change materials that do
not have this disadvantage; I, 3 difluorohexachoropropane with a melting point of
86°F is a possibility.
The design of the phase-change material container must provide adequate con-
duction from the equipment into the phase-change material. The paraffins have a
low thermal conductivity, and the addition of conduction paths is required. Alu-
minum honeycomb is used for this purpose. The S-band transmitter temperature and
packaging weight as a function of the amount of honeycomb used is shown in Fig.
3.2-10. Two percent honeycomb was selected, which will limit the transmitter tem-
perature to 123°F and will require 5 ib of packaging for 211b of phase-change
material.
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External Coatings - The dust storms on Mars could cause dust accumulation and
erosion that would change the _ and c of the Surface Laboratory external surface.
To aid in determining the _ and ¢ limits, a series of experiments have been con-
ducted in an erosion test apparatus capable of velocities in excess of 600 fps.
More than 60 dust erosion tests on samples of titanium, stainless steel, aluminum,
and ceramic coatings have been performed over the following range of variables:
I) Dust particles between i00 and 400
2) Velocities from 200 to 500 fps
3) Dust concentrations up to 2 gr/min/sq in.
4) Jet to sample surface angles from 15 to 90 deg.
The results are summarized in Geometric Surface to Control Radiative Properties
in the Mars Environment, SR 163067-3, August 1967. Aluminum has a weight loss
about twice that of the other materials. In the worst cases, _ increased from
0.5 to 0.8, and e decreased from 0.4 to 0.35. The larger dust particles had less
effect on _ and e than the smaller particles. In addition to the changes due to
erosion, the accumulation of dust will drive _ and e to about 0.8; therefore, the
_uLf=u= pLuF=_Li=_ of LLL= _UL_=U= _=UUL=LUIy mU=L _±r_)bE ....H_SLlly_i_L_LIL Lu _u-
sion, and (2) have the same optical properties with and without a dust covering,
i.e., e = _ _ 0.8. Coatings by which _ = e _ 0.8 could be achieved have a limited
erosion resistance. Metals by which erosion resistance could be achieved have a
low emissivity.
The _ and e of metals can be increased by making the surface irregular so that
radiant energy incident on the surface undergoes a sequence of interreflections
that provide additional opportunities for absorption. A geometrically blackened
metal surface has the desired erosion resistance and high _ and e; this is the
preferred configuration of the Surface Laboratory exterior. Figure 3.2-11 shows
the configuration of two geometrically blackened surfaces that have been tested;
the results, presented in Fig. 3.2-11, show that the _ and e properties of sample
A are relatively insensitive to severe dust erosion as well as dust accumulation.
The surface could be made of thin metal sheets embossed with V-grooves to mini-
mize weight. Additional experimentation is required to achieve good structural,
handling, and thermal properties with thin samples.
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3.2.3 Analysis of the Selection of the Preferred Approach
The first step in configuration selection is choosing the energy source.
Battery, chemical, and isotope energy sources were candidates. The chemical re-
actor is far more complex than a battery system and is only 7 ib lighter. A
radioisotope source has the following important disadvantages:
I) A sterilizable control device must be developed along with a means of re-
mote checkout
2) Significant safety problems exist, particularly in the event of a flight
abort
3) The heat output of the isotope must be dissipated during all phases of
the mission including sterilization and ground hold.
The battery system avoids these problems at a weight penalty of 7 Ib (Fig. 3.2-12)
and is the system selected for the current mission duration. If the mission life
is significantly extended and/or the power duty cycle is significantly reduced, a
radioisotope thermoelectric generator (RTG), isotope or chemical heat source must
be used.
Considering the battery systems shown in Fig. 3.2-13, the next selection that
must be made is the method of energy storage and/or rejection. A white, flat ra-
diator is not recommended because of the possibility of dust accumulation and
paint erosion. Of the remaining systems, the largest weight savings over the
phase change only system is I0 Ib for the system with both a switch and heat
m
pipe. The reliability of the passive phase-change system over a system with a
thermal switch is worth the I0 Ib weight penalty.
m
In summary, a system using thermostatically controlled battery powered heaters
with a phase-change material is recommended for the 1973 Surface Laboratory.
3.2.4 Summary of Subsystem Analyses and Trade Studies
Subsystems Considered - Three principal subsystem alternatives were considered:
I) Configuration i - Heavily insulated/battery energy
2) Configuration 2 - Radioisotope energy
3) Configuration 3 - Chemical energy.
Each of these can have various energy storage systems, energy rejection systems,
and energy control systems as shown in Fig. 3.2-13.
For each system, the batteries are installed in a separate insulated compart-
ment within the Surface Laboratory. This approach reduces the weight in the cold
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Fig. 3.2-13 System Weight Summary
MARTIN MARIETTA OORPORATIOltl
DENVER DIVISION
FR-22-I03 Vol III Sect I 3.2-23
case and prevents overheating of the batteries in the hot case. The insulation
on the battery compartment optimized at a thickness of 3 in. with a total weight
of 3 ib in the cold case. This thickness is adequate to prevent overheating in
the hot case.
Performance of the Alternative Subsystems - The energy source and insulation
weights are set by the cold case. Figure 3.2-12 shows these weights as a function
of insulation thickness for the conditions shown. For the battery case, the mini-
mum system weight is at an insulation thickness of 4 in. where the equipment heat
alone is adequate to maintain the temperatures. However, thermostatically con-
trolled heaters are required in the system to supply heat during reduced power
duty cycles, in case of equipment failure, and to maintain temperatures during
the descent trajectory. The chemical system is considerably more complex than
the battery system and only 7 ib lighter.
The effect of life and power duty cycle is shown in Fig. 3.2-14. For extended
life, the heavily insulated system is reasonable for the expected internal power
of 133 w. However, if the power duty cycle is greatly reduced, the battery system
weight increases r_pi_!y hpe_,_ of rh_ incr_ed in_u]ation and batterv power
needed. The radioisotope system.can be used for extended life even with no inter-
nal equipment heat.
A simplified computer model was used to study the systems in the hot case en-
vironments. The model had single interior nodes on the battery compartment, S-band
transmitter, and electronics compartment. The computer analysis was run for 50
hr on the Mars surface and included direct solar, reflected solar, and planet-
emitted heat flux inputs. The results are shown in Fig. 3.2-15. The upper limit
temperatures are not exceeded by any of the candidate systems. Figure 3.2-13
summarizes the system weights for the system alternatives considered.
Energy Control Devices The weight of the phase-change material could be re-
duced by using an electrically actuated thermal switch that is operated only at
night. This would reduce the phase-change weight from 26 to 17 Ib in the battery
m
configuration and from 17 to 9 Ib in the radioisotope configuration. The phase-
m
change material could be eliminated by using thermal switches that would contact
with a radiator designed to reject the required heat during the Mars day. An ex-
tended surface radiator that can operate with degraded surfaces or dust covered
surfaces is required (_ = e = 0.8). A cylindrical radiator for rejection of i00
w at IO0°F during the Mars day would weigh about 30 ibm; this weight could be sig-
i
nificantly reduced by using a heat pipe with extended surfaces. A preliminary
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analysis was performed on the heat pipe design shown in Fig. 3.2-16 with ammonia
as the working fluid. The design incorporates multiple heat pipes so that leak-
age or noncondensible gas in any single pipe will not cause a failure. The weight
of the assembly, which rejects I00 w at 100°F during the Mars day, is I0 lb. None
of these devices were incorporated in the preferred configuration because, for a
50-hr lifetime, the weight saving is small in view of the system complications and
failure modes involved.
Energy Source Considerations - Table 3.2-6 summarizes the energy sources con-
sidered along with important factors that must be included in the selection. The
electrical heater-battery combination is simple, reliable, and easily controlled
but is the heaviest system. Phase change materials require no control, but the
temperature control limits are the melting points of available materials. Chem-
ical reactions were limited to those that result in liquid or solid products that
could be contained in the Surface Laboratory, so that the landing site would not
be contaminated. The chemical reaction shown in Table 3.2-6 is typical of many
reactions that could be considered. There are many radioisotopes that could be
considered for thi_ appli_atioL_; Pu 238 -_ .... _^- _ _ _ +_ _°_=
of radiation shielding, long half-life, availability, material compatibility, high
melting point, and prior use on SNAP-19 and -27.
3.2.5 Martian Surface Environmental Testing
Objectives - A test program was conducted in which a half-scale thermal model
was subjected to a simulated Martian thermal environment to investigate the test
technique and verify the analytical approach used in thermal design.
Test Articles - Two test specimens were used during this program. The pri-
mary test specimen consisted of a half-scale thermal model of an octogonal Sur-
face Laboratory configuration. The ancillary test specimen consisted of a 36-in.-
diameter aluminum disk with optical coatings on both sides and provisions for
heating and temperature measurement. The ancillary specimen provided reference
data during checkout runs of the test facility, including a quantitative assess-
ment of natural convective effects inside the thermal-vacuum chamber when pres-
surized at 2 to 20 mb with a nitrogen atmosphere.
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The primary test specimen shown in Fig. 3.2-17, consisted of (I) a heavy-
walled, aluminum octogonal box simulating the thermal mass of the internal equip-
ment; (2) 4 in. of high-temperature polyurethane foam insulation (Green Zer-0-Cel
made by U.S. Gypsum) completely enclosing the inner box; (3) a 2014 aluminum outer
skin, 0.032-in. thick, coated on the outside with a flat black acrylic lacquer, and
(4) a stainless steel shaft that served the double purpose of supporting the model
in the test chamber and simulating the heat leaks through insulation penetrations
due to supporting structure.
Simulation of planetary and albedo radiation absorbed by the outer surfaces
of the landed vehicle was accomplished by nichrome wire heaters bonded to the in-
ner surfaces of the aluminum skin. Internal heat dissipation was simulated by
the same type heaters attached to the inner octogonal box.
The thermal scaling technique used was a one-dimensional approximation, pre-
serving in the model the full-scale temperatures, heat fluxes (through the outer
skin), insulation materials, thicknesses, and time.
Testing - Internal convective effects were evaluated experimentally, using the
ancillary specimen, by comparing the plate temperatures at various pressures (in
the 2- to 20-mb range) with those in hard vacuum using identical heating rates
and radiation-environmental conditions. The half-scale model was tested under
two extreme Martian environments, comprising two diurnal cycles each. The environ-
ments are shown in Table 3.2-7.
Table 3.2-7 Simulated Test Environment
Landing Site
Solar Radiation
Mars Surface Properties
Absorptivity
Emissivity
Albedo
Conductivity
Density
Specific Heat
Hot Case
5 ° S (subsolar point)
on Flat Surface
188 Btu/ft2-hr (clear)
0.6
0.95
0.4
0.I Btu/hr-ft- °F
125 Ib/ft 3
0.15 Btu/Ib- °F
Cold Case
40 ° S on 30-deg Slope
94 Btu/ft2-hr (clouds
reduce solar by 50%)
0.95
0.6
0.05
0.00225 Btu/hr-ft-°F
125 Ib/ft 3
0.15 Btu/Ib- °F
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The skin-heater inputs were programed to simulate the variation of albedo and
planetary radiation absorbed during each diurnal cycle. The chamber pressure
was maintained at 5 mb with dry nitrogen throughout the tests. Solar simulation
and liquid nitrogen-cooled walls were used to simulate the radiation environments.
Results - The conclusions discussed in the following paragraphs may be drawn
from the results of the program.
The simulation of the Martian calm day environment in a pressurized thermal-
vacuum chamber is feasible. Atmospheric temperature cannot be controlled inde-
pendent of wail temperature. Pressurization of the chamber with the cold wails
in operation will result in significantly increased liquid nitrogen consumption
when compared with a thermal-vacuum test of similar internal thermal loading.
Natural convection inside the chamber may significantly affect the heat bal-
ance of the outer skin of a test article and should be considered when evaluating
test results. To a large extent, the convective currents are controlled by the
presence of a cold chamber wall, and the convective heat transfer coefficients
are dependent not only on the thermal configuration of the model, but also on
chamber size and geometry. The convective coefficients measured during the pro-
gram were within the range to be expected in a natural environment under Martian
atmospheric conditions.
Using predicted convective coefficients and radiation environmental inputs,
the measured model temperatures were in good agreement with analytical predictions
for the hot case as indicated in Fig. 3.2-18. The largest discrepancies between
analysis and test were noted for the conditions of the Martian night and the cold
extreme environment. It is expected, however, that these discrepancies may be
minimized or eliminated by a better understanding of the convective process inside
the chamber and subsequent improvements in the analytical models.
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3.3 Command and Sequencing Subsystem
This subsection discusses the command and sequencing subsystem, its require-
ments and constraints, the preferred preliminary design, analysis of the selec-
tion of the preferred approach and identification of the alternatives considered,
and a summary of subsystem analyses and trade studies.
3.3.1 Requirements and Constraints
The command and sequencing subsystem is composed of a command decoder with a
memory storage capability and a memory-oriented sequencer/timer. The command de-
coder is functionally independent of the sequencer/timer. The memories are loaded
and verified before flight and can be reprogramed in flight or after landing.
Verification of reprograming in flight and after landing is initiated automatically.
Subsystem flexibility is obtained by performing functions under control of
data stored in the memories and adaptable to mission changes with the reprogram-
ing ability of the memory.
The stated and derived requirements of the requirements and constraints are
shown in Table 3.3-1.
3.3.2 The Preferred Preliminary Design
The preferred design consists of two mutually independent units -- a command
decoder that performs direct-command functions and mobility functions (in later
missions) and a sequencer/timer that provides for sequencing of time-dependent
discretes, issues timing pulses for synchronization, and includes a day/night
sensor mounted on the high-gain antenna mast.
The command and sequencing programs are initiated by a discrete from the
Capsule Bus before touchdown. Figure 3.3-1 is a simplified block diagram of the
subsystem.
Command Decoder The specific functions of the command decoder are coded
command word sync, control and parity checking for command word errors, shift
register storage to accept and momentarily store the command word, and decoding of
direct and coded commands. Because mobility requirements for later missions re-
quire a stored program of time-dependent discretes, the command decoder design
incorporates a memory storage. This stored program capability also provides a
functional redundant source to the sequencer/timer for issuing time-dependent
discretes and an independent ability to store a backup program sequence for orient-
ing the high-gain antenna in case of malfunction, in addition to the mobility func-
tions. No arithmetic capability is necessary to meet these requirements.
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Table 3.3-1 Command and Sequencing Subsystem Requirements and Constraints
MISSION PHASE FUNCTIONAL REQUIREMENTS PERFORMANCE REQUIREMENTS DESIGN CONSTRAINTS
Prelaunch i.
2.
Execute command & sequencing
checkout sequence
Transmit checkout & status
information via telemetry
& direct-access connectors
3. Support checkout of Surface
Laboratory subsystems by
direct commands
4. Accept, store & verify
command & sequencing program
sequence
5. Issue codes commands to other
Surface Laboratory subsystems
6. Support mission operations
upon cormmand
7. Undergo terminal sterili-
zation cycle
i. Terminal sterilization
environment at 125°C for
24.5 hr
2. Ethylene oxide decontamination
Terminal Countdown
through Mars Orbit Passive Passive
Insertion
Preseparation Orbital i. Provide central decoding I. Issue coded commands for
Operations of ground conmmnds issued reprogramlng
to Surface Laboratory via 12. Issue real-time direct
Spacecraft & Deep Space commands
Network 3. Tlmlng sync to 0.01%
2. Verify reprograming
Spacecraft Separation Passive Passive
through Landing (Power transferred & sequence
initiated before landing)
[
Post-Landing Operations I. Ii. The probability of no responsePerform automated onboard
sequencing of all post-landed
time-dependent Surface Lab-
oratory functions, except for
internal landed science sub-
system functions, & certain
event-dependent functions
2. Accept coded command data for
updating the Surface Lab-
oratory stored program
sequences or commands that
must be executed immediately,
such as over-rlde or backup
ground commands
3. Provide central timin_ for
synchronization of Surface
Laboratory subsystem
4. Provide a program sequence
for erecting & orienting the
communications subsystem high-
gain antenna & a stored pro-
gram sequence for orienting
the antenna in case of a mal-
function in the antenna drive
assembly
5. Provide for fine tuning the
antenna orientation by a
ground command sequence
6. Provide status & diagnostic
information to the telemetry
subsystem
7. Provide a sensor for day/
night indications
8. Provide a real-time clock for
time-tagging telemetry data
9. Provide capability for se-
quencing of time-dependent
mobility functions
action in the command decoder
attributed to false out-of-
lock indications &/or bit -A
errors must be less than i0 -
for each transmission
2. Command llnk bit error-rate
iS less than 1 x 10 "5
3. Issue coded commands for re-
programing
4. Issue real-time direct commands
5. Issue time-dependent discretes
with a resolution of I sec
6. Timing for synchronization to
O.OIZ
i. No potential single failure mode
will have a catastrophic effect
on the Surface Laboratory mission
2. The state of the subsystem & its
outputs will be non-volatile to
power dropouts & power transients
3. The design mechanization will use
electronic piece parts, materials
& processes approved for use by
JPL/NASA
4. The design will be compatible
with Spacecraft, Deep Space Net-
work, & Capsule Bus functional
interfaces
5. Each function performed by the
subsystem that is important to
the complete success of the
mission will be backed up from
a functionally independent source
6. Subsystem design will meet the
sterilization, decontamination,
& environmental requirements of
the Flight Capsule and life re-
quirements for the complete
Voyager mission
7. The subsystem will be designed for
standardization for the decade
& for commonality from mission
opportunity to opportunity. The
initial design will consider re-
quirements for the 1975, 1977, &
1979 missions & will be adaptable
to requirement changes to minimize
hardware design changes
8. Provide sufficient monitor points
in redundant channels tO ensure
that the subsystem is at least
two malfunctions away from a
catastrophic failure following
terminal sterilization
9. The command decoder & execution
functions are functionally in-
dependent of the sequencing of
tlme-dependent functions
I0. The operational life of the sub-
system for the 1973 design iS a
minimum of one Mars diurnal cycle.
The goal for subsequent mission
llfe is 2 years
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The command decoder preferred design consists of an input decoder, output
drivers and solid state switches, timing circuits, a memory and memory interface
circuits and power supplies with a power selector. The memory is a sequential
access, nondestructive readout (NDRO) memory, electrically alterable, with a
capacity of 150 24-bit words. A block diagram of the command decoder is shown
in Fig. 3.3-2.
The command decoder is capable of accepting coded commands from the Spacecraft
con_nand subsystem via a hardwire link before Capsule Bus separation, decoding the
cormnand data and issuing the commands to correct Surface Laboratory subsystem or
storing the data in memory. The command decoder also accepts coded commands from
the direct-link Surface Laboratory communications subsystem command detector after
landing, decodes the data, and issues the commands to the recipient subsystem or
stores the data in memory.
Figures 3.3-3 and 3.3-4 are flow charts showing the sequence of operation
under these conditions.
The input decoder is enabled by a beginning-of-word discrete received from
the Spacecraft and the 27-bit coded command is shifted into an input data register.
The command is decoded and the resulting function is executed. Error detection
of the accuracy of the received command is performed by a parity check.
The input data register is 31 bits long; 4 bits are disabled in the decoder
while receiving data from the Spacecraft because there are no decoder start bits
in the coded command.
Coded commands received from the Surface Laboratory communications subsystem
command detector are 31 bits long. These commands include 4 bits for decoder
synchronization. The "detector-lock" signal from the command detector enables
the additional 4 bits in the input decoder to receive data.
The Surface Laboratory subsystem address bits (2 bits) identify the destina-
tion of the command. If the data are designated for the sequencer/timer or the
landed science subsystem, the subsystem is enabled and the data transferred. If
the data are designated for the command decoder memory, the memory is scanned
until the function address tag of the incoming command compares with the function
address tag of a word in memory. The new information is serially written into
the memory in the location identified by the function address. If the coded
command is a real-time direct command, the command will be issued on the output
line designated by the function address. Error detection is also performed by
a parity check.
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Surface Laboratory Command and Sequencing Subsystem Flow Chart,
Coded Data Input from Spacecraft Bardwire Link to Command Decoder
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Command Format - The command word format is shown below.
Bit
Title Positions Description
Parity 31
De co der
Sync Bit
Header
Surface
Laboratory
Subsystem
Address
Cards
Command
De coder
Function
Address
1-4
5-6
7-12
13 -30
7-30
Command
Decoder
Time Tag
Single parity bit used as a check
of transmission accuracy of coded
commands
Used to synchronize the decoder be-
fore receiving data. Unused when
data are received from Spacecraft
Identifies the subsystem to which
the coded command is addressed
(such as sequencer/timer or
landed science)
Identifies a specific function to
be performed (such as a direct com-
mand or memory function location)
& the specific output line on which
the command for that function is to
be issued
Denotes the time in seconds follow-
ing initiate at which the given
function is to be performed. These
bits are unused for direct commands
Bits available for coded commands
to sequencer/timer or landed science
subsystem
Error Detection - The accuracy of the coded commands is protected by the
transmission of a command "accept" or command "reject" signal via the telemetry
subsystem whenever a command passes or fails a parity test. If the command is
rejected, the command will be retransmitted from the ground. The Surface Labo-
ratory subsystem address and the function address of each word received is also
transmitted to mission control via telemetry to allow complete identification
and status of each word received.
Decoder Sync - The sync bit check is established by gates at the end of the
input data register. As the data are clocked into a cleared register, the sync
bit gates are filled when the proper 4-bit sync code reaches the end of the reg-
ister. No information data are transferred during the decoder sync process. The
word length check is enabled to take place on the next word into the decoder.
Word length check, parity, and decoder sync bit checks are made on the next word
and each word thereafter.
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Decoder Inhibit - The decoder receives a detector lock signal that determines
whether the decoder functions are to be initiated. When the detector lock signal
is not present, the command decoder will not accept coded command data from the
command detector, thereby preventing the decoder from reacting to noise pulses.
When the detector lock is reacquired, the decoder looks for the 4-bit sync code
before accepting new commands. When data are received from Spacecraft, the in-
hibit circuit logic uses the enable signal to control the transfer of data.
Telemetry Resisters - Four 7-bit registers are provided for monitoring the
operational status, engineering measurements, and diagnostic-type measurements
of the command decoder. The registers are used in two modes -- one mode is memory
readout and the other is the operating status mode. Two registers are used for
monitoring the operational status of receiving and executing input coded commands.
The "accept" or "reject" output, together with the subsystem address bits and
function address bits of the input data register, will be paralled loaded in the
two registers. Data stored in the telemetry register will not be cleared during
the telemetry subsystem readout cycle, but will remain until updated by the re-
ceipt of a new command word.
Memory Input Circuits - The memory buffer register is used for addressing
new data to the memory. Memory updating is accomplished by a comparison of the
function address of the word in the memory buffer register and the memory address
update encoder.
The input decoder initiates the shifting of the data from the input data reg-
ister to the memory input circuits. When the register is filled, the memory mode
register will initiate the write mode, readout of the memory is terminated for
one word length and the new data are written into the memory. Readout is initiated
again at the end of the updating process.
Memory Read Mode - When the initiate signal is received, the counter and clock
sync and storage registers are reset and the counting of clock pulses is initiated.
The 5-MHz clock pulses are divided into I0 kHz pulses that advance the memory bit
by bit into the memory output register. A bit counter counts 24 pulses, which
represent a complete memory word, and enables the function address comparator and
the time tag comparator.
If time comparison is obtained between the time tag of the memory word and
the time elapsed in the counter circuits, the output switch is enabled.
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Simultaneously, the function address tag of the memory word is compared to
an encoded function address and if matched, the output switch is enabled. The
function address encoder provides a check on the function address stored in the
memory before executing a discrete.
If time tag is not obtained, the memory scan is continued word by word until
the entire contents of the memory are examined. The memory scan is repeated each
second. A scan cycle takes 280 ms, thus the subsystem is idle for the remaining
720 ms of each l-sec interval.
A function address of the memory output register provides a 6-bit address for
the particular time discrete to be issued. Because this address is changing at
I0 kHz scan rate, the address is momentarily stored in a holding register. When
an output switch enable signal is generated indicating the selection of a discrete,
the contents of the holding register are held until the memory scan cycle is com-
pleted. The last function address in the memory is decoded and a 10-ms time de-
lay is started. Following the delay, an execute signal is generated that initiates
the transfer of the address in the holding register to the output decoder and
power switch. The address is decoded and the discrete is issued. Following a
100-ms time delay, the holding register is reset for the next memory scan cycle.
Delaying the issuance of the discrete until after the memory scan cycle is
completed prevents power switching of outputs during logic operations and provides
additional noise margin in the design.
The function address of each time-dependent discrete is stored in a 6-bit
telemetry register at the time the output switch is enabled. The address data
are loaded in parallel from the memory output register.
Logic and Timing - The logic timing is derived from a counter that divides
the 5 MHz clock into I0 kHz. From the decoding of this counter, timing pulses
are obtained at the proper times to perform logic functions.
A 10-Hz magnetic oscillator, with a frequency stability of + 0.1%, is used
as the master time base for the subsystem with a divide-by-ten circuit to get the
l-Hz operating time base. The 5-MHz frequency is a crystal-controlled oscillator
with a frequency stability requirement of 0.01%. Pulses of I00 kHz are supplied
to other subsystems for time synchronization.
Memory Self-Test - Following a reprograming of the memory, a check on the
memory contents is made by a sum check of the memory stored data. Two check
words are stored in memory that represent the complement of the accumulated sum
of the memory stored data (with the exception of the check words). The memory
q
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contents are read out and summed. The addition of the complement words to the
sum of the memory stored data results in all 1-bits in the sum register. This
answer represents a check for an odd number of bit errors. A "Go" signal or a
"No-Go" signal is generated at the end of this test.
Each time the memory is reprogramed, new sum check words are also programed
into the memory and the self-test repeated.
Memory Readout - The subsystem is able to read out the entire contents of the
memory based on a ground command. Upon command, one memory word will be stored
and issued to the telemetry subsystem every second until the entire contents have
been issued. Each word is parallel loaded into the telemetry registers from the
memory output register. The four 7-bit telemetry registers are used in this
particular mode. At the completion of this cycle, the subsystem is reset in the
sequencing mode.
MemorE - The requirements of the subsystem require the use of an electrically
alterable, reliable memory. Several memory types will meet these requirements,
including a plated-wire memory, a multi-aperture magnetic core memory or micro-
biax memory element, and thin-film memory. The plated wire system with associated
read/write electronics was selected for the preferred design approach on the
basis of power, weight and design developments, and sterilization test results. A
more detailed study of the memory selection will be made in subsequent phases of
the program.
The memory system is a sequential access, NDRO memory, electrically alterable
with a capacity of 150 24-bit words. The memory will operate at a read/write
cycle rate of i0 kHz.
The conmand decoder memory words are divided as shown below
Time sequenced commands (mobility functions)
Commands for backup of sequencer/timer
Antenna pointing stored program
(malfunction mode)
Spares for expansion
35
40
5O
25
150
Direct Commands - The capability of twenty direct commands is provided for
ground control access to Surface Laboratory subsystems for backup, recycle, emer-
gency, and secondary functions.
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Sequencer/Timer - The sequencer/timer sequences all post-landed functions
that are time dependent, except for internal landed science functions, and cer-
tain event-dependent functions. The design consists of a memory system with in-
ternal read/write electronics, memory interface circuits, logic and timing cir-
cuits, discrete output switches, and an internal power supply. The memory is a
sequential-access NDRO memory that is electrically alterable. The design is
similar to the design of the command decoder. A block diagram of the sequencer/
timer is shown in Fig. 3.3-5.
The sequencer/timer issues time dependent-discretes in a program sequence
that is initiated before landing. Each discrete is initiated following an elapsed
time interval from the initiate command.
Discretes are programed in the memory with a function address tag and a time
tag. The word format of sequencer/timer functions is shown below.
Title Bit Position Description
1-6Sequencer/Timer
Function Address
Bits
Time Tag 7-24
Identifies a specific function to be
performed & the specific output line
on which the command for that function
is to be issued
Denotes the time in seconds following
initiate at which the given function
is to be performed
When the initiate discrete is received to initiate the program sequence, the
counter and clock sync and storage registers are reset and the counting of clock
pulses is initiated. The 5-MHz clock pulses are divided into 10-kl_z pulses that
advance the memory bit by bit into the memory output register. A bit counter
counts 24 pulses, which represent a complete memory word and enables the function
address comparator, the time tag comparator, and the output switch AND gate.
If time comparison is obtained between the time tag of the memory word and
the time elapsed in the counter circuits, the output switch AND gate is enabled.
Simultaneously, the function address tag of the memory word is compared to an
encoded function address (which is generated in sequence in conjunction with the
word bit counter and a word counter) and if comparison is obtained, the output
switch AND gate is enabled.
If time tag is not obtained, the memory scan is continued bit by bit and word
by word until the entire contents of the memory are examined. The memory scan is
repeated each second. A scan cycle takes 280 ms, thus the subsystem is idle for
the remaining 720 ms of each l-sec interval.
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A function address of the memoryoutput register provides a 6-bit address for
the particular time discrete to be issued. Becausethis address is changing at
the lO-kHz scan rate, the address is momentarily stored in a holding register.
Whenan output switch execute signal is generated indicating the selection of a
discrete, the contents of the holding register are held until the memoryscan
cycle is completed. The last function address in the memoryis decoded and a
lO-ms delay is started. Following the delay, an execute signal is generated
that initiates the transfer of the address in the holding register to the output
decoder and power switch. The address is decoded and the discrete is issued.
Following a 100-medelay, the holding register is reset for the next memoryscan
cycle.
The function address of each time-dependent discrete is stored in a 7-bit
telemetry register at the time the output switch is enabled. The address data
are loaded in parallel from the memoryoutput register for transfer to the telem-
etry subsystem.
Event discretes such as UHFbeacon, S-band beacon, or day/night indications
are received by the input decoder. If an output discrete is to be executed im-
mediately, the correct output line will be enabled and the discrete issued. If
the discrete is to be issued following an elapsed time from receipt of the event
discrete, a counter is enabled, clock pulses are counted and the discrete is
issued following the fixed time period.
The logic timing is derived from a shift counter that divides 5-MHzclock
into I0 kHz. From the decoding of this shift counter, timing pulses are obtained
at the proper times to perform logic functions.
A 10-Hz magnetic oscillator is used as the master time base for the subsystem
with a divide-by-ten circuit to get the l-Hz operating time base.
Reprograming of sequencer/timer functions is accomplished by coded commands
received from the command ecoder. The input decoder receives an enable discrete
that alerts the sequencer/timer that coded data are being transferred. The input
data register is reset and a word bit counter counts bit sync pulses as the coded
data are shifted into the data register. When24 pulses are received, the memory
logic is enabled and the data are transferred to the memoryinput register. The
memoryis scanned until the function address tag of the incoming commendcompares
with a function address tag of a word in the memory. The new information is
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written serially into the memory location identified by the function address tag.
Reprograming can be accomplished at any time during post-landed operations when
the command link is established.
Following a reprograming of the memory, a check on the memory contents is
made by a sum check of the memory stored data. Two check words are stored in
memory that represent the complement of the accumulated sum of the memory stored
data (with the exception of the check words). The memory contents are read out
and summed. The addition of the complement words to the sum of the memory stored
data results in all 1-bits in the sum register. This answer represents a check
for an add number of bit errors. A "Go" signal or a "No-Go" signal is generated
at the end of this test.
Each time the memory is reprogramed, new sum check words are also programed
into the memory and the self-test repeated.
The sequencer/timer can read out the entire contents of the memory based on
a ground command. Upon command, one memory word will be stored and issued to the
telemetry subsystem every second until the entire contents have been issued.
Each word is parallel loaded into the telemetry registers from the memory output
register. The four 7-bit telemetry registers are used in this particular mode.
At the completion of this cycle, the subsystem is reset in the sequencing mode.
The sequencer/timer will issue a program sequence to deploy and properly
orient the high-gain antenna. The azimuth program orientation sequence will con-
sist of a stored program to start the antenna controller for zero-azimuth align-
ment. Start time is the predicted time when the earth will be at zero azimuth.
The elevation program orientation sequence will consist of a program to start
and stop the issuance of pulses to the antenna controller for predicted earth
elevation at the time of landing. Pulses will be issued at i pps representing
one degree per pulse to erect the elevation angle. Discretes will be issued at
timed intervals to deploy the antenna and for time sequencing the antenna con-
troller electronics.
Following initial orientation, the sequencer/timer will issue a continuous
pulse train to the antenna controller to maintain aximuth alignment. The pulse
train will be switched to another output line at a time representing 180 deg of
antenna rotation. This procedure will be repeated for every 180 deg of antenna
rotation.
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The sequencer/timer memory words are allocated as follows:
Time sequenced commands 125 1
lSpares for expansion 25150
Two 7-bit telemetry registers are used to store a 14-bit time code for time-
tagging telemetry data. These registers are updated at lO-sec intervals.
Day Night Sensor - The day/night sensor provides an indication of light level
during surface operations. In order to minimize power consumption to an accept-
able level, TV cameras are operated when there is sufficient illumination to
produce an image suitable for transmission.
The sensor consists of a cubical array of solar cells whose combined fields
of view cover a hemisphere. The output of each cell operates into a level de-
tector that provides an output discrete to the sequencer/timer when the illumina-
tion level is above a certain usable minimum. The sensor will be mounted on the
high-gain antenna mast.
Development work in subsequent phases of the program include optimum shape
of the array and the number of cells in the array.
Redundancy - The primary functions performed by the command and sequencing
subsystem are sequencing of time-dependent discretes, event-dependent discretes,
mobility functions in later missions, and command decoding and execution functions.
A stated requirement of the design of the subsystem is that the command decode and
execution functions be independent of the sequencing functions and a design con-
straint that no potential single failure mode cause a catastrophic effect on the
mission.
The preferred design approach is a command decoder with a memory able to
perform the command decode and execution functions and mobility functions. A
sequencer/timer with a memory performs the sequencing and timing functions.
The advantage of this approach is that the memory capability of the command
decoder can be expanded to provide a functional redundant source for issuing of
coincident backup time-dependent discretes to the sequencer/timer and backup
time dependent discretes and backup direct ground commands to the landed science
subsystem. The functional redundancy of this approach eliminates common failure
modes that could prevent the command and sequencing subsystem from performing its
primary functions.
Block redundancy and other forms of redundancy mechanizations applied sepa-
rately to the command decoder and the sequencer/timer add unnecessary weight,
power and design complexity to the subsystem.
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Where coincident time-dependent discretes are issued from functionally inde-
pendent sources, the sources will be designed to fail-safe. Series redundancy in
the output circuits will be employed with multichannel ON/OFF capability.
The preferred approach to meet the no single failure criterion for the com-
mand decode function is triplicated logic with majority voting and a primary
power supply, standby power supply, and a power selector for sensing failure and
switching to the backup. This approach is shown in Fig. 3.3-6.
The command and sequencing subsystem provides a functionally independent
capability for issuing backup discretes (either stored commands or direct ground
commands) to the landed science subsystem.
Physical Characteristics - The subsystem will be installed in the Surface
Laboratory electronics equipment compartment, mounted to an equipment truss and
will be completely accessible and removable and replaceable as an integral unit.
The packaging approach encloses all the functions of the subsystem within the
same package. The command decoder and sequencer/timer will be separate subas-
semblies within the package. The subsystem also contains its own prefabricated
cabling harness that is an integral part of the subsystem. Electromechanical
design is discussed in subsection 3.10.
Power, Weight, and Volume - The power, weight, and volume of the subsystem
are shown below.
Command Decoder
Weight 12 Ib
Volume ii00 cu in.
Power i0 w
Sequencer/Timer
8.4 ib
800 cu in.
12 w
Subsystem
29.6 ib
1900 cu in.
22 w
Sequence of Events - The command and sequencing subsystem sequence of events
is shown in Table 3.3-2. The C and S design incorporates a reset capability that
occurs at the end of the 50 hr sequence. At this time, the timing logic in the
command decoder and sequencer timer is reset and the sequence is reinitiated at
the +30 minutes point. Recycle of the sequence of events to this point in the
sequence may also be initiated by ground command.
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Fig. 3.3-6 Redundancy Approach for Coded Data Channel Command Decoder
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3.3.3 Performance Parameters
The performance parameters are shown below.
Command Decoder Sequencer/Timer
Memory
Type Plated wire Plated wire
Capacity 150 words @ 24-bits/word 150 words @ 24 bits/word
Access Serial, bit sequential Serial, bit sequential
Bit Rate i0 kHz i0 kHz
Modes Read/write Read/write
Characteristics NDRO NDRO
program Sequences
Quantity i i
Minimum Timing
Interval i sec i sec
Maximum Timing
Interval 50 hr 50 hr
Reference Clock
Basic Frequency i0 Hz i0 Hz
Type Magnetic Magnetic
Accuracy ±0.1% ±0.1%
Operating Bit Rate I0 kHz i0 kHz
Memory Scan Cycle 280 ms 280 ms
Synchronization Timing 5 MHz ± 0.01% 5 MHz ± 0.01%
(Crystal controlled) (Crystal controlled)
Command Word Error
Detection
Probability of no
response action
Probability of respond-
ing to false command
5 x 10 -8
-8
4.65 x i0
Reliability
Allocation
Predicted (without redundancy)
Predicted with functional redundancy)
0.975 complete mission
0.982
0.9998
3.3.4 Interfaces
The subsystem functional interfaces are shown in Fig. 3.3-7 and input/output
signal characteristics in Table 3.3-3. The subsystem receives event discretes,
event-dependent discretes, coded commands, and timing as outputs. The output dis-
crete interface is a standard momentary signal. The coded commands are issued in
a binary coded serial bit stream and timing pulses in a serial pulse train.
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Table 3.3-3 Input/Output Signal Characteristics
Interface Function
Direct Command, Event or Time
Discrete
Type
Pulse Width
Voltage Level
Current
Rise Time
Fall Time
Input Impedance
Output Impedance
Ground Reference
Coded Commands
Format
Type
Rate
Binary one
Binary Zero
Rise Time
Fall Time
Input Impedance
Word Length
Source Impedance
Bit Sync
Format
Type
Rate
Pulse Amplitute
Pulse Reference
Rise Time
Fall Time
Input Impedance
Source Impedance
Power
r
Sync Timing Pulse
Rate
Signal Ground
Power Ground
Input Signal
Characteristics
Solid-state switch
momentary signal
i00 ms
28 vdc
i0 ma
i00 _sec
I00 _sec
i0 k_ resistive
28 vdc return
NRZ
Serial binary
i bps
5 vdc
0 vdc
i00 _sec
I00 _sec
I0 k_ resistive
29 bits
RZ
Serial
i pps
5 vdc
O vdc
I00 Bsec
i00 _sec
I0 k_ resistive
Output Signal
Characteristics
Solid state switch
momentary signal
I00 ms
28 vdc
150 ma
500 _sec
500 _sec
i00 _ resistive
isolated return
NRZ
Serial binary
i0 kbps
5 vdc
0 vdc
I00 _sec
i00 _sec
26 bits
I00 _ resistive
RZ
Serial
i0 kpps
5 vdc
0 vdc
I00 _sec
I00 _sec
i00 g resistive
24-37 vdc ---
i0 khz
Single ground wire to Capsule Bus
single point ground
Single ground wire to 28 vdc return
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Interface Capabilities - Interface capabilities are shown below.
3.3 -25
Input Event Discretes
Output Discretes
Direct Commands
Time Discretes
Resolution of Time Discretes
Type
Number of Output Switches
Output Coded Command Channels
Channels
Word Length Capability
Transfer Rate
Input Coded Command Channels
Channels (Spacecraft or Surface
Laboratory)
Word Length Capability
Transfer Rate
Telemetry
Channels
Sample R_te
Data Transfer Rate
Command Decoder
20
75
i sec
Momentary
95
2
24 bits
i00 kHz
31 bits
8.1 bps
4
2.8 kbps
(nominal)
Sequencer/Timer
i0
8
143
i sec
Momentary
85
24 bits
i00 kHz
4
2.8 kbps
(nominal)
Spacecraft Interface - Coded commands are received from the Spacecraft
command subsystem to reprogram the Surface Laboratory stored programs. Coded
commands are decoded and issued to the subsystem designated by the data. The
command decoder receives a "beginning of word" discrete that enables the command
decoder to accept the data. Coded commands are shifted into the cormnand decoder
at 8.1 bps. Bit sync pulses are supplied to synchronize the shifting of the data.
Capsule Bus Interface A single discrete issued by the Capsule Bus is used
to initiate the command decoder stored program sequence. This discrete also
initiates the sequencer/timer stored program sequence.
Surface Laboratory Communication Subsystem Interface - The command decoder
receives the command word bits from the communication subsystem command detector,
examines the command word and issues the proper output to the correct Surface
Laboratory subsystem.
The detector lock signal inhibits the input decoder function when the signal
indicates the command detector is out of lock with the command signal. If the
detector lock signal is lost during the processing of a command word, the inhibit
circuitry immediately inhibits the decoder function until the detector lock signal
reappears and the decoder start bits have been recognized.
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Coded commands are shifted into the input register at 8.1 bps.
Day/Night Sensor Interface - The day/night sensor provides an indication
of the light level to the sequencer/timer. The sensor consists of photocells
mounted on top of the antenna mast.
Mobility Controller Interface - Thirty-two time-dependent discretes will be
made available for mobility functions for later missions. This capability will
be used in the 1973 missions as backup discretes for the sequencer/timer discretes.
Landed Science Subsystem Interface - Coded commands to update the landed
science subsystem stored program sequence will be issued by the command and
sequencing subsystem. The subsystem will issue an enable discrete and a train
of bit sync pulses to synchronize the shifting of the coded data to the landed
science subsystem. The enable discrete will be used to reset the landed science
subsystem logic to receive the data.
Communication Subsystem Antenna Controller Interface - Nineteen time-depend-
ent discretes are issued to the antenna controller to orient the high-gain antenna.
These discretes are issued in a time-dependent sequence.
Ten real-time direct commands will be issued to fine tune the orientation of
the high-gain antenna.
Operational Support Equipment Interface - The subsystem will interface with
Operational Support Equipment via an umbilical hardwire for subsystem level and
Surface Laboratory level checkout and through the Spacecraft command subsystem
for prelaunch checks and for loading and verifying the subsystem flight sequence
program in the command decoder and sequencer/timer.
During subsystem checkout, a checkout sequence will be loaded and all stored
commands verified by interrogating all stored words and verifying that commands
occurred. The command interface will be tested to verify the command decoding
process and command execution functions.
Checkout of the subsystem in the Surface Laboratory and Surface Laboratory
system checkout will be performed by loading a special checkout sequence in the
subsystem memory and verifying, via the telemetry subsystem, proper operation
of the Surface Laboratory.
The subsystem operational program sequences will be loaded during the pre-
launch period and will be verified by reading the entire contents of the memory
into the telemetry subsystem. During these periods, all output switches will be
disabled and no power will be applied to the pyrotechnic firing circuits.
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The Operational Support Equipment will provide three discretes: coded data,
bit sync, and beginning-of-word discretes to the subsystem via an umbilical inter-
face that will simulate the Spacecraft interface for commands and event discretes,
which will simulate other Surface Laboratory interfaces for event discretes.
The Operational Support Equipment will receive the subsystem outputs via
monitor lines. Monitor lines will be provided via the umbilical for time-
dependent discretes and for coded data. The telemetry subsystem will also pro-
vide diagnostic data indicating subsystem performance.
Thermal Interface - The subsystem baseframe provides the primary heat con-
duction path within the Surface Laboratory. Electronics modules and printed
circuit boards are connected to subassembly frames that conduct heat to the base-
frame and the case cover. The cover is the primary thermal radiator and exposes
three surfaces to free air. Large contact areas between mounting frames, the
cover, and the baseframe provide thermal stabilization and reduce thermal gra-
dients.
Mechanical Interface - The baseframe provides the mechanical interface of
the subsystem with the Capsule Bus and Surface Laboratory structure. Subassem-
blies are mounted on the top of the baseframe and the cover is bolted to the
baseframe. The baseframe is bolted to the Surface Laboratory structure.
Personnel Safety Interface - The subsystem provides signals to arm, fire,
and safe certain ordnance functions. These commands constitute a safety hazard
if initiated following the arming of ordnance. Precautions are necessary to
ensure that no power is applied to the pyrotechnic firing circuits system test
following the arming of ordnance devices. Precautions are taken in the form of
hardware features in the System Test Complex to inhibit power application to the
pyrotechnic firing circuits. Precautions are exercised in the subsystem by not
programing the memory to issue arm, fire, or safe discretes during system tests.
The hazard is also minimized by a design constraint that prevents a catastrophic
failure due to a single piece-part failure.
3.3.5 Standardization and Growth
The basic design provides standardization for the decade with growth poten-
tial and flexibility to accommodate changing requirements. Data storage ability
and input-output circuitry is adaptable to changes at the interface. The follow-
ing specific features are incorporated in the initial design over and above allow-
ances for development changes:
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i)
2)
3)
4)
5)
6)
7)
8)
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Modular packaging approach with spare volume in the case
Input and timing registers sized for command word-length growth
Connectors sized for add-on modules and additional telemetry and direct
access interfaces
Memory storage ability for spare information words
Spare output switches wired to interface connectors
Power supply design to accon_modate growth in power requirement
Data transfer rates and logic switching rate to handle add-on requirements
Flexibility by reprograming of time-dependent discretes.
Analysis of the Selection of the Preferred Approach and the Identification
of Alternatives Considered
Design Approach Alternatives - To fulfill the requirements and constraints of
the subsystem, two design approaches were evaluated. The design approaches con-
sidered were:
i) Special-purpose memory-oriented subsystem
2) General or special-purpose digital computer-oriented subsystem.
Each design approach was evaluated on the basis of trade parameters that
included the functional requirements and design constraints of the subsystem and
specific hardware characteristics including sterilization.
The results of this evaluation provide the basis for the selection of the
special-purpose memory-oriented subsystem as the preferred design approach.
Following the selection of the preferred design, a trade study was performed
to select a redundancy approach. Redundancy techniques are used to make the
system fail-safe and to improve the subsystem reliability to ensure meeting a
requirement that no potential single failure mode can cause catastrophic effect
on the mission.
The redundancy configuration selected is a functional redundant approach
using the memory storage ability of the command decoder to provide backup pro-
grams for critical sequencer/timer discretes and for orienting the high-gain
antenna, and majority voting at the logic circuit level in the command decoder
for critical command decoding functions. The memory capability was added to the
command decoder because of a derived requirement that mobility functions would be
performed on a semiautomatic basis through the command link.
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Special-Purpose Memory-Oriented Subsystem - This design is a memory-oriented
approach that uses a stored program to issue function-controlled time-sequenced
discretes. This design employs ground RF commands for updating the stored progran
sequence.
Major functional elements include an input decoder, error detection circuits,
memory addressing circuits, memory with built-in read/write circuits, clock
counting circuits, comparator circuits, output decoder, output switches, and
storage registers. Discrete components and integrated circuits (for magnetic
circuits) are used in the design.
Using a reprogramable memory provides the flexibility and versatility to
perform all functions under control of data stored in the memory.
General or Special-Purpose Computer-Oriented Subsystem - This design approach
uses a computer to perform the sequencing and timing function. Major functional
elements of this design are the input-output section, memory and memory-control
circuits, processor section with arithmetic capability, power supplies, output
switches, and closk and timer decoder circuits.
This design approach provides the basic capacity of alternate plus an arith-
metic capability; however, there is no requirement for the computational and data
processing capability of a digital computer. In addition, the general-purpose
digital computer generally has excess capability when used for a specific mission,
especially where the logic organization is such as to perform a general class of
arithmetic functions. A special-purpose design eliminates some of this excess
capability.
3.3.7 Summary of Subsystem Analyses and Trade Studies
Status of Command Transmission - Two approaches were evaluated to provide
status to mission control of the command transmission.
Memory Interrogation - The nonscan memory interrogation approach was rejected
because of inflexibility in reprograming the memory. The scan approach of termi-
nating the memory readout on a selected word was rejected because of the additiona
logic required to implement the design.
Serial read/write operation was chosen because of the simplicity of memory
system logic and because the high speed providing parallel operation is not
required.
llgARTIIW IVlARIET-rA OORPORATIOIW
DENVER DIVISION
3.3-30 FR-22-I03 Vol III Sect I
Memory - The NDR0 memory was selected because of the nonvolatile features
under power transients, dropouts, and noise. In addition, the failure modes of
the DRO memory during restore and clear operations are eliminated with the NDRO
approach.
Self-Test - The sum check of the memory contents was selected because of the
simplicity of the logic design. A disadvantage of this approach is that new sum-
check words must be transmitted following memory reprograming. This was found
acceptable in comparison to parity checking of each memory word and more complex
error coding.
Memory Organization - Memory organization by having the ability to reassign
memory function locations to any output function or discrete requires additional
memory storage capacity and would require considerably more reprograming time due
to the added bits in each command word. The assignment of memory words to par-
ticular functions was selected as the preferred approach because of fewer bits in
each memory word, and because the requirement for reprograming is to change the
time tag. The function address tag of a memory word is associated with a partic-
ular time-dependent discrete and is hardwired in the decoding logic to the
outputs:
I) Counting of command words received with the identification by event count
for each word rejected due to a parity error to the telemetry subsystem.
Mission control identifies the particular word by the count and retrans-
mits the command word.
2) Identification to telemetry of the "accept" or "reject" status with
identification bits that tag each word received in a transmission.
The selection of 2, complete identification of each word, provides ground
control with a complete and continuous status of commands. To account for down-
link errors, the status of each command word will be transmitted a minimum of
twice. The primary disadvantage of approach i is the possibility of incorrect
counts being derived during the command link lockup process and during periods
when lockup is maintained but no information is being transmitted.
Error Detection - A single parity bit provides sufficient margin above the
command link bit error rate; the retransmission of rejected words due to parity
errors provides an acceptable probability of not responding to a command; and
requires the minimum time to transmit each command word. The disadvantage of
more complex error-detection schemes such as bit complementation, multiple parity
MARTIN MARIETTA CORPORATION
DENVER DIVISION
FR-22-I03 Vol III Sect I 3.3-31
bits, and error coding is the added complexity to the design and the added
transmission time to the command link load. (The uplink transmission rate is
I bps.) The concept of automatic error detection and correction was rejected
because of added complexity in the design and it is not required to perform
the basic mission. Breaking the command word into two parts, with the assign-
ment of a parity bit to each part, was considered but does not provide a
significant improvement to warrant the additional bit per word.
Other Redundancy Considerations - Multichannel and block redundancy tech-
niques were considered for the command decoder and the sequencer/timer designs
to meet the single failure mode criteria. In terms of tradeoff parameters of
weight, power, and volume, a significant penalty is incurred when compared to the
penalty of expanding the basic memory capability of the command decoder to per-
form time dependent backup functions. On this basis, the functional redundancy
approach was selected.
The addition of a command decoding function to the sequencer/timer to provide
backup to the command function of the command decoder was rejected in favor of
multichannel redundancy in the command decoder on the basis of design complexity,
checkout complexity, and weight.
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3.4 Landed Science Subsystem
This subsection describes the landed science subsystem (LSS), which consists
of the science instruments, sample acquisition and processing (SAP) equipment,
and the science data subsystem (SDS).
3,4.1 Requirements and Constraints
The requirements and constraints for the landed science subsystem are those
defined by PD 606-4, Voyager Capsule Constraints and Requirements Document, and
those developed by system engineering tasks during trade studies and preliminary
design. The constraints were varied during the trade studies to arrive at an
optimum interface between the elements of the landed science subsystem and to
arrive at potential use of weight margins for improving success of the mission.
The main constraint imposed on the Capsule Bus System by the landed science
subsystem is that the sample site area and atmosphere will not be contaminated
with molecules characteristic of a carbon-water biochemistry.
The landed science subsystem will be capable of accommodating at least 130 Ib
of science instruments and science support equipment including data handling,
...... i zam_!c ..... 4o_4_ ==mn1_ _n_nn_ _mnle Drocessin_ and other equip-
ment required solely for support of science instruments. If the Surface Laboratory
can support a landed science subsystem in excess of 130 Ib, the excess weight will
first be allocated to ensuring the probability of mission success.
Landed science subsystem operating life on Mars will be of sufficient duration
to permit evaluating equipment performance, measuring the diurnal characteristics
of the Martian surface environment, and transmitting the data obtained to Earth.
Two daylight periods are included in the one diurnal cycle during which data are
acquired.
Reliability within the landed science subsystem will be achieved primarily by
design simplicity, conservative margins, and selective redundancy. Selective
redundancy will consider cooperative multichannel designs, alternative path or
functional redundancy methods, and ordinary block or element redundancy.
The landed science subsystem will provide for internal power conversion re-
quirements.
All landed science subsystem components will be compatible with ethylene
oxide and dry heat sterilization.
Science Data Subsystem (SDS_ - The SDS will provide the sequencing and con-
trol of the science instruments and sample acquisition and processing equipment.
These functions will include calibration, range switching, prime power switching,
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data acquisition, and bulk data storage. The SDS provides the sequencing and
data buffering that are instrument and mission dependent and that will permit the
standardization of the telemetry, data storage, and Surface Laboratory sequence
subsystems. The interface with the science instruments and sample acquisition
and processing equipment should be maintained highly flexible to accommodate a
wide variety of changing requirements that may require high data rates. The SDS
will receive data, command, and sequence inputs from (I) the command unit of the
telecommunications subsystem, (2) the Surface Laboratory sequencer unit, (3) the
scientific instruments, and (4) the telemetry unit of the telecommunications sub-
system.
As primary functions, the SDS will:
I) Be onboard sequenced but will incorporate a memory whose contents may be
entirely changed by ground command
2) Control, calibrate, and synchronize the science measurements within the
data automation timing and format structure to be compatible with the
experimental program
3) Provide the necessary sampling rates for analog and digital data to ensure
meaningful scientific data; automatic testing modes will provide suffi-
cient safeguards to prevent damage caused by improper sequencing
4) Buffer the science data that occur at different and sporadic rates and
multiplex them at the desired various but constant data rates to the
telecommunications subsystem
5) Provide bulk storage for the landed science subsystem
6) Provide control and sequencing of the sample acquisition and processing
subsystem to be compatible with the scientific measurements
7) Perform data reduction to compress information when data collection rates
are too excessive for data storage.
The weight constraint for the SDS is 20 Ib; however, this weight can be ex-
ceeded to the extent of a bulk data storage capability.
Sample Acquisition and Processing (SAP) Equipment - The SAP equipment will
collect, transport, process, and distribute samples of the Martian atmosphere,
surface soil, and subsoil gas to those experiments that require samples for their
analyses. The equipment will transport and process each sample as required by
the appropriate scientific sensors.
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The SAP subsystem will provide the following primary functions:
I) Processing capability to render the samples to a state where, with the
available instruments, atmospheric and soil analysis can be made. Sample
weighing and volumetric measurements will be provided where required by
the experiments
2) Environmental control for each surface soil sample from acquisition to
sample processing, when required by the experiment
3) Equipment design is predicated on the possibility of encountering the
environmental conditions specified in Tables 4.1.5.1 and 4.1.5.2 of the
Constraints and Requirements Document. SAP design will consider surfaces
having a roughness corresponding to sand particles from I0 _ in diameter
up to rocks 12.5 cm in diameter and surfaces with abrupt changes in slope
up to 34 deg from horizontal
4) Subsoil temperature measurements during the process of subsoil gas acquisi-
tion.
The weight constraint for the SAP equipment is 30 lb.
Science !n_tr,,m=_ - Th_ _r_p_r_ _rllment complement for the Surface Labo-
ratory will be specified by JPL/NASA about mid-1968 during Phase C. The design of
science instruments will assume the hypothetical instruments discussed below as to
capability. A visual imaging instrument will provide the following functions:
I) Scan for direct and indirect evidence of life
2) Resolution of surface character and surface objects to assist future
lander operations on the Martian surface (i.e., discrete object haz-
ards, surface texture and roughness, and slopes)
3) Determination of significant features of local albedo and photometric
properties to assist in the design of future imaging experiments (i.e.,
photometric function, skylight effects, spectral characteristics, and
albedo variations)
4) Visual images to identify geological features
5) Support other scientific experiments in the Surface Laboratory (e.g.,
wind measurement, surface sample acquisition, subsurface sample acquisi-
tion, and Capsule Bus surface penetration)
6) A panoramic scan capability will be assumed.
The weight and volume constraints are 15 ib and 500 cu in., respectively; the
peak power requirement constraint is I00 w, with an average consumption of 25 w.
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Atmospheric instruments are provided to measure the atmospheric pressure,
temperature, wind velocity, and humidity. The atmospheric measurement weight and
volume constraints are 5 Ib and I00 cu in., respectively. The power constraint
is 5 w.
The atmospheric measurements will provide the following functions:
I) Temperature sensors will measure the atmospheric temperature near the
surface and its diurnal variations. The atmospheric temperature measure-
ments will have an accuracy on the order of ±1%
2) The water vapor detectors with sensitivity on the order of ±1% will measure
the water content of the Martian atmosphere near the surface and its diur-
nal variations
3) Pressure gages with sensitivity on the order of ±1% will provide direct
measurements of the Martian atmospheric pressure near the surface and its
diurnal variations
4) Anemometers will accurately measure the windspeed within ±15%, wind direc-
tion within ±5 deg, and its diurnal variations. Surface wind magnitude
and direction are of great importance in the design of future Martian
lander systems as well as surface mobility systems. Gusts will be meas-
ured to ±25% to acquire design data for future Martian landers as well as
surface mobility systems.
A spectroradiometer will measure insolation. The weight and volume constraints
are 5 ib and 200 cu in., respectively. The power constraint is 2 w.
An alpha-scattering spectrometer with a weight constraint of i0 ib and occupy-
ing 600-cu-in. volume will measure the elemental composition and organic compounds
of the Martian surface. The power constraint is 2 w.
A gas chromatograph will measure the inorganic and organic constituents of the
atmospheric and subsurface gases. The weight and volume constraints are 15 Ib
and 400 cu in., respectively. The power constraint is 15 w.
Three specific life-detection experiments will be assumed with weight and
volume constraints of 30 Ib and 2000 cu in., respectively. The total power con-
straint for the three detectors is I0 w. Simple culture growth and metabolism
measurements will be performed to a minimum detectable range of 105 terrestrial
type organisms.
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2.4.2 Preferred Preliminary Design
Landed Science Subsystem Description - The landed science subsystem consists
of three major areas, SAP equipment, the science instruments, and the SDS. The
landed science subsystem configuration, functional block diagram, and hardware
tree are shown in Fig. 3.4-1 thru 3.4-3.
The SAP equipment is mounted adjacent to the biological analyzer and gas
chromatograph to minimize sample transport distances. The Martian surface is
sampled at a single location directly below the Surface Laboratory by the surface
soil-subsoil gas collector equipment. The height of the Surface Laboratory above
the surface varies with the surface roughness and slope; to cope with this varia-
tion the sample collector can adjust to a surface height of a few inches to 75 in.
The equipment is too large to be mounted in its operating position and is stowed
inclined until landing. On command from the SDS, a motor gear drive rotates the
unit into the upright position, locks it to the Surface Laboratory structure,
and vertically extends it until it reaches the surface. A motor-driven soil col-
lector is used to collect a surface sample and feed it to an elevator for trans-
port to the sample processor. A motor-driven probe penetrates into the suriace
to a depth of up to 50 cm to obtain subsoil gases and to emplace the subsurface
temperature sensors. The soil removed by the initial drilling operation may also
be collected and transported to the sample processor by the elevator if a backup
soil sample is required. After drilling, subsoil gases diffuse into a chamber
in the probe after which a motor-driven blower transports the gas to the gas
chromatograph.
The soil sample processor is mounted in the Surface Laboratory System along-
side the deployment unit and directly above the biological analyzer and adjacent
to the gas chromatograph. This facilitates the gravity vibration soil transport
through the processor to the pyrolysis oven and to the biological analyzer. The
volatile gases driven off by the oven during the differential pyrolysis are sent
to the gas chromatograph. The sterile residue from the pyrolysis is provided to
the biological analyzer for use as a control sample.
The atmospheric gas collector is mounted on top of the gas chromatograph again
to minimize transport distances. The atmospheric gas collector, consisting of a
dust baffle and filter, collects atmospheric gas by diffusion and provides it to
the gas chromatograph.
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The visual imaging instrument consists of two cameras and a centralized elec-
tronics package. Camera A has a wide-angle viewing capability and limited narrow-
angle viewing capability. It is used primarily for panoramic viewing and thus
is deployed above the Capsule Bus on the antenna mast for a relatively unobstructed
view in all directions. Camera B has the capability of narrow-angle viewing and
limited wide-angle viewing. It is used primarily for high-resolution viewing of
specific items or areas and is mounted near the upper surface of the Surface Labo-
ratory structure, near the edge. Camera B can view in all directions, but with a
more limited view of the near foreground outside the Capsule Bus structure than
Camera A. Camera B can also view the ground and sample collecting site inside
the Capsule Bus structure. Stereo images can be obtained within the overlapping
fields of view.
The gimbaling for Camera A allows it to turn 200 deg in azimuth (±I00 deg)
and from 35 deg above the horizontal (Capsule Bus horizontal) in one direction
through straight down to 35 deg above the horizontal in the other direction (-90
± 125 deg). This motion also permits stereo images by rotating 180 deg in azimuth
and elevation. Camera B will be gimbaled so that it can be turned ±190 deg in
azimuth and from 35 deg above the horizontal to -90 deg. There will be no deploy-
ment of Camera B. The centralized TV electronics are located within the Surface
Laboratory.
Insolation is measured with a multichannel ac radiometer mounted on the top
surface of the Surface Laboratory structure. The radiometer analyzes the UV in
five spectral bands covering 1050 to 3300 A and the solar visible flux in a single
band from 3000 to 7000 A. The radiometer is unoriented and provides nearly 2_
steradian field of view. This gives at least 145-deg coverage of the sun's path
for a worst-case slope.
The gas chromatograph/mass spectrometer is located inside the Surface Labo-
ratory near the sample processor and the atmospheric gas collector. The incoming
gas is separated into major components by the gas chromatograph and then analyzed
by the mass spectrometer to improve detection of molecules with the same retention
times.
The alpha-scattering spectrometer is mounted in a common package with the
metabolism detectors. This unit is deployed to the surface by gravity with con-
trolled feed of a pair of wires attached to the top of the mounting structure.
This prevents the unit from falling rapidly and ensures a gentle deployment.
MARTIN MARIETTA I:ORPORATION
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One of the television cameras is mounted where it can view the deployment site,
both before and after deployment. Thus, it will be possible to assess whether the
unit has deployed as expected and made good contact with the surface. Also, by ob-
taining an image of the surface before deployment, the site characteristics can be
evaluated for presence of rocks or other objects that might tend to smear the pulse
height data from the experiment.
A set of atmospheric sensors for temperature, wind velocity, pressure, and
humidity are mounted at the end of a 7-ft boom provided by the Surface Laboratory.
A longer boom is desired, but the 7-ft length allows stowage of the boom without
folding or other complicated deployment mechanisms.
The specific life detection is performed by two instruments, the biological
analyzer and a metabolism detector. The biological analyzer includes two types
of biochemical experiments for analysis of organic macromolecules. These are an
absorption spectrophotometer for detecting high molecular weight compounds and an
optical polarimeter for detection of stereoisomerism. The biological analyzer is
located adjacent to the sample processor for distribution of l-cc samples of soil
and pyLuly_ ....... _"^ in_c a ........._ L ...... _ _ _f a_££_nt chambers. The samples are dis-
solved in the chambers by preloaded solvents, mixed and filtered, and then ana-
lyzed through optical windows in the chambers.
The metabolism detector is stowed with the alpha-scatter spectrometer and is
deployed to the Martian surface to perform an in situ experiment for the detection
of micro-organisms. Each unit consists of a small bell-jar with a mass spectro-
meter detector unit. After the units are deployed to the surface, a chemical
substrate is released, which covers the surface and the mass spectrometer is
used to look for mass products that would indicate the occurrence of physiologi-
cal reactions. A biological control unit that uses a second metabolism detector
is deployed, but has a sealed base to prevent the substrate from reaching the
Martian surface.
The science data are acquired by the central data processor. This unit ac-
cepts incoming signals from the central computer and sequencer, the command de-
coder, and the telemetry, and provides all control signals to the science in-
struments and the SAP. Data from the experiments are routed to either the analog
or digital data collection unit, depending on the nature of the signals. Data
from both of these units come into the central data processor in digital form
where they are analyzed, temporarily stored, and may either be put on the tape
MARTIN MARIETTA I_ORPORATION
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recorder for later transmission or may be sent on to the telemetry during trans-
mission periods. The tape recorder unit is used to store data for later trans-
mission, and is also used to store auxiliary operational programs for the cen-
tral data processor, which may be called up by ground command. The power subsys-
tem provides the prime power (+28 v) to all of the experiments and SAP. These
power lines are switched under control of the central data processor. The SDS
power converter unit provides all operating voltages required by the SDS.
Centralizing all the sequencing, control, A/D conversion, and data analysis
functions with recommended redundancy required an SDS that exceeds the 20-1b
constraint. A 20-1b SDS was evaluated (see para 3.4.3) that distributed the
sequencing, A/D conversion, and data analysis to the instruments to obtain a
simpler and lighter SDS. Placing these functions in the instruments required
duplication and gave an overall higher weight for the landed science subsystem
(159.4 Ib) compared to the reference design (146.2 Ib) based on preliminary
weight estimates. (The weight estimates of the reference design have been re-
vised to 137.2 Ib and the preferred design to 164.6 Ib; see the discussion on
weight under Performance Parameters and Table 3.4-12). Thus, the centralized SDS
was chosen for the preliminary design. The weight of a nonredundant SDS is 26.4
Ib, of which 6.8 ib is bulk data storage, which meets the 20-1b constraint. How-
ever, as described under Functional Redundancy, the SDS represents a single point
failure for science data, and redundancy has been used in the preferred design,
which brings the weight to 47.6 Ib, including 13.5 Ib of bulk data storage.
The science instruments for the preferred design weigh 83.4 ib, which is
greater than the 80-1b constraint weight. The design of instruments that meet
minimum performance for TV and atmospheric measurements weigh 77.2 Ib, but is
not recommended.
The SAP weighs 33.6 Ib, which includes deployment and the pyrolysis oven.
The weight of this equipment could be decreased by shifting the interface, but
it would not affect total weight. Separating the deployment mechanism would pro-
vide a complex mechanical interface to the Surface Laboratory, shifting the pyrol-
ysis oven to the gas chromatograph/mass spectrometer would increase the soil sam-
ple transport requirement.
Description of Science Instruments - Science instruments are described in the
following paragraphs.
I_IARTIN MARIETTA CORPORATION
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Television Instrument - The visual imaging subsystem consists of two cameras
and a central electronics package (Fig. 3.4-4). The central electronics condi-
tions commands from the SDS, which initiates the functions within the cameras
(Fig. 3.4-5). The electronics also condition the 28 vdc from the SDS to the
cameras and to its own circuits. In addition, it contains the amplifier and
analog interface circuits that handle the video data from the cameras and trans-
mits them to the SDS.
Storage vidicons were selected as the visual imaging sensors to enable con-
trolled data readout at rates compatible with direct transmission of TV data.
Thus, TV images that are acquired during transmission periods can be read out in
real time by the SDS. Images acquired at other times are stored on the tape re-
corder for subsequent transmission.
The start of each frame readout is commanded by the SDS. All pictures will
be composed of 200 scan lines with 200 digitization samples per line. The stor-
age vidicon allows each line to be read out independently on command from the SDS
at a rate of 3.3 samples/ms. The SDS will provide a 40-kc clock to the TV for
_o_ro] of the readout rate. Each element will be given a 6-bit code in the SDS
and the vidicon will be automatically erased after each picture is read out.
The size of the area on the vidicon faceplate that is read out can be changed
on command from the SDS; this is called the electronic zoom. A zoom ratio of
4:1 is used, which is conservatively within the state of the art.
Picture sequencing is controlled by the SDS. Four panoramic and one site
survey pictures will be taken immediately after landing, relayed to Earth, and
studied. If items of interest or surface conditions show up on these initial
pictures that require a change in the picture-taking sequence, the sequence pro-
gram is changed by substituting stored sequences or rearranging subsequences
using ground commands (see discussion of reprograming capability under Operational
Sequence). The SDS sequence will control the following:
I) Elevation (125 positions)
2) Azimuth (200 positions)
3) Dust cover position (2 positions)
4) Service wheel position (6 positions)
5) Focus position (i00 positions)
6) Scan size (2 positions)
7) Start frame - The command to the frame will automatically have the light
sensor read the light level and adjust the iris then move the shutter.
MARTIN MARIETrA OORPORATION
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Calibration of the television instrument within the Spacecraft will involve
the use of a calibrated light source and fiducial marks on the Vidicon faceplate.
Since the level of illumination will be known, the Vidicon will be calibrated by
the variation in light response throughout the image area. Postlanding calibra-
tion will include the calibrated light source, fiducial faceplate marks, and test
patterns mounted on the lander.
If the light sensor should be improperly adjusting the aperature, the SDS can
command an adjustment of the light sensor on receipt of an Earth command. If the
light sensor should fail completely, the SDS can adjust the iris independently of
the sensor on receipt of an Earth command or a reprograming of the picture sequence
from Earth.
Camera A has a lens attachment for taking extra-wide-angle (97 deg) pictures.
This will be in position during transit and landing, and for the first four
pictures to be taken. The SDS will then command the attachment to be moved out
of the way for 25 deg to 6_-deg field of view. The attachment can then be put back
in position only by Earth command.
Camera B, the site survey camera, takes one picture with maximum field of
view (16 deg) after landing. Additional images of the site will be taken later
using the 16 to 4 deg electronic zoom. Eight flashbulbs are mounted on the face
of Camera B for auxiliary lighting of the sample acquisition site. This elimi-
nates the need to land within ±7 deg of the equator for natural lighting of the
sample site. The flashbulbs are fired using a capacitor discharge synchronized
with the TV shutter.
Characteristics of the lighting unit are:
i) Size - 6 in. OD, 3 in. ID, 1/2 in. doughnut
2) Weight - 0.2 Ib
3) Operating time - 30 ms/flash
4) Energy - Negligible
5) Light characteristics (per flash)
Output - 2000 beam cp sec
Color temperature - 5500 °K
Time to peak intensity - 13 ms.
MARTIN MARIETTA CORPORATION
DENVER DIVISION
!?
(
,m
d_
(
_ t,.,.-,.,j -- ,_.,.,_
_iiii_ "......
m
w
w
o¢:
f,aJ
WHEEL
iERVICE WHEEL DRIVE
_25 I'11"1LENS ASSY
FOCAL PLANE SHUTTER
STORAGE VIDICON
/
¢ !
N_ MOTOR
_SOR
TEP HOTOR
RIS POTENTI_ETER
_FOCUS POT_NTIOMETER
WHEEL POTENTIOHETER
HEEL
3.4-14 - D
Regulator
Levels
Vidicon
Filament
Current
Readout
Power
Supply
Multi-
vibrator
Peak
Video
Output
4J 4J ,-4
_ o
4J 4J 4J
0
4J
m
SC
DK
SU
IP
& Encoder
J 28 vdc
(Power to camera is
I required for 5 min everyr30 days during transit
phase)
I
I
!
Vldicon
I Heater 1
Storage
Vidicor
Sequence Prepare
Controller Circuit!
II
I
l/)
Y
I
I i
I
I I I ._
I I I _°_
I'i
I
I
I
I
I
I
I
i'I
I
I
I
I
i
I
I
I
I
i .i
I I i
,I I ,
I II
FR-22-I03 Vol III Sect I 3.4-15
With each frame that is read out, the following engineering measurements will
be given to the SDS:
I)
2)
3)
4)
5)
6)
7)
Elevation position (125)
Azimuth position (200)
Dust cover position (2)
Service wheel position (6)
Focus position (I00)
Light sensor setting (8)
Iris position (29)
8) Scan size position (2)
9) Temperature of vidicon faceplate (±I°C)
I0) Temperature of lens area (±I°C)
Ii) Temperature of centralized electronics
(±i °C)
12) Voltage regulation (±1%)
13) Vidicon filament current (±1%)
14) Peak video output (±1%)
15) Power supply multivihrator (2).
With the exception of item II), these measurements will be only for the camera
that is providing the picture.
In terms of transfer functions, light levels to the Vidicon faceplate are the
input. A filter wheel is provided to enhance mineral identification. The output
to the SDS is an analog voltage between 0 and 5 v for each picture element. The
voltage out depends on the light level for the picture element.
Both cameras contain the following items (see Fig. 3.2-5):
I) A cylindrical housing that will be thermally protected by the Surface
Laboratory System mechanical subsystem. Thermal requirements are; camera
head operating +15 to +40°C (degraded operation -i0 to +50°C), nonoperat-
ing -I00 to +70°C, electronics operating -I0 to +50°C, nonoperating
-15 to +80°C (nonoperating temperatures are long-term, sterilization
temperatures are upper maximum)
2) A removable (and replaceable) clear glass dust cover (optically flat)
3) A lens system (fixed focal length) with an iris and focus adjustment
4) A service wheel with red, blue, green, and clear filters; light cover;
and wide-angle lens (Camera A only)
5) A light sensor that adjusts the iris automatically
6) A focal plane shutter (10-ms exposure for Camera A/50-ms for Camera B)
7) A storage Vidicon for light transducing
8) Preamplifier circuitry.
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Atmospheric Instruments - Atmospheric measurements are to provide a knowledge
and understanding of the overall Martian meteorological conditions and atmospheric
circulation, and also of the environment for the development of life on Mars. The
parameters measured and the instruments selected to make the measurement are shown
in Table 3.4-1. These instruments are packaged for mounting on the end of a boom
of the Surface Laboratory (see Fig. 3.4-6). This type of mounting arrangement pro-
vided a minimum of interference by the Surface Laboratory and Capsule Bus of the
atmospheric parameters being measured.
Temperature Instrument - The temperature sensor is a platinum resistance
thermometer (PRT), similar to a Rosemount Model 152T. It will monitor the
temperatures at which the life-detection tests are conducted and provide data on
the ambient temperature at the Martian surface. However, this design will require
modification to reduce radiative heating and/or cooling.
The electronics for the atmospheric temperature experiment consists of a
bridge circuit (Fig. 3.4-7) for measuring the resistance using a pulsed technique
to minimize errors from 12R heating in the sensor. The pulsed data output is fed
to the SDS for A/D conversion.
Pressure Instrument - The pressure sensor is a diaphragm pressure transducer
with a capacitive pickoff, similar to a Rosemount Model 800 C7.
The atmospheric pressure displaces a diaphragm in the sensor. This displace-
ment changes the capacitance of the sensor, which is sensed by the circuit shown
in Fig. 3.4-7. The data output is analog, with A/D conversion performed by the
SDS.
Humidity Instrument - An aluminum oxide hygrometer is used for measuring at-
mospheric humidity. Probably no single environmental parameter will have greater
import for the possible existence of life. The sensor would be similar to ones
available from Parametrics, Inc.
The aluminum oxide hygrometer uses a baseplate of aluminum that has been
anodixed and a gold electrode deposited on the oxide layer. Water vapor is ab-
sorbed by the pores in the oxide layer and the water alters the electrical im-
pedance between the aluminum base and the gold electrode. The amount of water
absorbed depends on the water vapor concentration in the atmosphere, and thus
the impedance between the baseplate and the electrode is a measure of the atmos-
pheric humidity. The sensor responds to humidity changes in the order of a sec-
ond or less.
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The impedance is measured by using the aluminum oxide sensor in the fourth
arm of a resistance bridge, as shown in Fig. 3.4-6. The bridge is driven by a
variable frequency, constant amplitude square wave oscillator. The outputs from
the bridge are rectified and filtered, and the difference is amplified and used
to drive the oscillator until the bridge is balanced. When the bridge is balanced,
the oscillator frequency is a function of the sensor impedance. The frequency is
the quantity read out, which provides a measurement of the atmospheric humidity.
The frequency is counted in the SDS.
Wind Velocity Experiment - A sonic anemometer is used for the wind velocity
measurement. This device uses three components oriented in mutually orthogonal
directions to provide both windspeed and direction information. No commercial
devices are presently known that will meet this application. The types of sen-
sors used by the Air Force Cambridge Laboratories will be used as the starting
point in the sensor design. A conceptual sensor configuration is shown in Fig.
3.4-6.
A single component of the sonic anemometer consists of two acoustic trans-
ducers separated by approximately 4 in. First one of the transducers is used as
a source and the other one as a detector of acoustic waves, and the travel time
of the acoustic wave between the transducers is measured. Then the procedure is
reversed and the travel time in the opposite direction is measured. From the
difference in travel time, the component of wind velocity can then be computed.
To implement the measurements, the transducers are driven by the oscillator
and the phase shift between the driving frequency and the output is measured.
The phase shift is then a measure of the travel time between the transudcers.
A block diagram is shown in Fig. 3.4-7.
Instrument Characteristics - Important physical and electrical characteristics
of the instrument sensors and the electronics are summarized in Table 3.4-2.
Operational Sequence - The basic operational sequence for the atmospheric
experiments is quite simple, since the experiments merely monitor the atmospheric
characteristics at periodic intervals throughout the Surface Laboratory operation.
The present concept of the operational sequence is:
i) Initiate operation of atmospheric experiments
2) Perform calibration checks
3) Measure atmospheric temperature (once/hour minimum once/10 minutes maximum)
4) Measure atmospheric pressure (once/hour typical)
5) Measure atmospheric humidity (once/hour typical)
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Measure wind velocity - Monitor wind velocity data continuously; store
data on peak wind conditions for readout once/hour; read out real-time
wind data during operation of other atmospheric instruments.
Alpha-Scattering Spectrometer - The basic purpose of the alpha-scattering
spectrometer (Fig. 3.4-8) is to measure the elemental composition of the Martian
surface soil. This is done by bombarding the surface with alpha particles and
measuring the pulse height distributions of the reaction products, including
scattered alpha particles, protons, and characteristic X-rays. These pulse
height distributions are analyzed on the ground by using a computer program and
a "library" of calibration curves on known elements.
Performance and design characteristics of the alpha-scattering spectrometer
are shown in Table 3.4-3. Resolution of low atomic number elements (up to potas-
sium) is provided by the alpha-scattering analysis. The X-ray fluorescence will
(theoretically) provide adequate resolution for higher atomic number elements.
Table 3 4-3 Characteristics of Alpha-Scattering Spectrometer
Minimum Weight Average 0per-
Resolution Accuracy Sensitivity (Ib) Size (in.) ating Power (w)
Most ±I 0.i Atomic 6 8x6x4½ 2
Elements Atomic Percent
in Peri- Percent
odic Table
Data Output Characteristics
Particles
Alpha
Protons
X-Rays
Approximate Count
Rate
5/sec
i/sec
100/sec
Data Output to SDS
0 to 5 v pulses
0 to 5 v pulses
0 to 5 v pulses
Data Storage
(Requirements in
SDS)
128 channels of 12
bits each
128 channels of 12
bits each
128 channels of 12
bits each
A block diagram of the electronics for the instrument is shown in Fig. 3.4-9.
The detector for the alpha particles and protons are solid-state detectors, while
proportional counters are used to detect the characteristic X-rays. The proton
detectors are operated in anticoincidence with guard detectors placed directly
behind the proton detectors. Thus, background radiation that would trigger both
the proton detector and the guard detector is not analyzed. The alpha particle
detectors have a very thin active region and will not respond significantly to
stray penetrating radiation. Thus, guard detectors are not required for the alpha
detectors.
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Each detector has its own preamplifier, and the outputs of each common parti-
cle type are gated together. These gates close when a pulse enters, and remain
closed until a pulse is received from the SDS signifying that the pulse height
analysis of the previous particle has been completed. Pulses that pass the gates
are further amplified, shaped, and then sent to the SDS. Pulse height analysis
and data storage are in the SDS.
The calibration pulser will, on command, feed pulses at a known rate into each
of the electronic counting channels. This provides onboard verification of proper
electronics operation.
A dc/dc converter and filter unit provides all operating voltages used by the
experiment from the +28-v input power.
The preliminary design concept of the instrument configuration is shown in
Fig. 3.4-8. The instrument package has a 4.5-in. opening in the bottom where
the alpha-particles bombard the surface soil. The detectors are located next to
the alpha-source to make the backscattering angle approach 180 deg (about 175 deg
in this design concept). The locations of the proton detectors and the propor-
tional counters are less critical, because the results of these measurements do
not depend on the source-to-detector orientation. The detector locations shown
here give each detector a good view of the sample area to enhance its count rate
and reduce the counting time. The electronics are mounted above the source and
detectors. Since the instrument operates continuously after deployment, heat
generated by the electronics will help provide thermal control.
In designing the instrument, the alternative techniques of deploying the in-
strument to the surface versus collecting a surface sample and bringing it to
the instrument were considered. Bringing the sample to the instrument has a
potential advantage in that the sample surface could be smoothed, enabling the
detectors to be located closer to the sample to reduce the experiment operating
time. However, the ability of the SAP to collect a sufficient quantity of sample
for the analysis is questionable in hard surface material. Also, if the Capsule
Bus lands on a significant slope (say 30 deg), the use of gravity techniques to
maintain a level sample underneath the sensor may not work, and other techniques
are more complicated. Thus, deployment of the instrument to the surface was
se]ected as the more reliable overall approach.
In the experiment operation, a short analysis is made while the instrument
is still mounted in the Surface Laboratory. The instrument is mounted with some
known material (such as aluminu_ exposed as the sample. This provides a ref-
erence pulse height spectrum as a check on experiment operation at the time of
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analysis. After the instrument is deployed, the X-ray analysis is run first,
with the proton detectors also operated at the same time. This analysis will re-
quire I to 2 hr. When the X-ray analysis is completed, the SDS transfers the
stored data to the tape recorder, and the alpha particles analysis is begun.
The proton detectors are also operated in this mode. The alpha particle analysis
will require i0 to 12 hr to complete. The proton analysis continues throughout
most of the mission to accumulate as good statistics as possible at low counting
rates.
Gas Chromatograph/Mass Spectrometer - The gas chromatograph/mass spectrometer
accepts gaseous inputs from the SAP, analyzes these gases, and provides pertinent
data to the SDS (Fig. 3.4-10). A block diagram of the gc/ms is shown in Fig.
3.4-11.
The gases from the Martian atmosphere and subsoil gases are brought into one
inlet while gases from the soil pyrolysis are brought into a separate inlet. The
normal operating mode is for all gases to first pass through the gas chromatograph
and then into the mass spectrometer. However, each inlet also has a bypass mode
where the input gas can be routed around the gas chromatograph directly to the
mass spectrometer. This mode can be selected by ground command or can be in-
corporated into the normal operational sequence.
At the inlet, the gas sample is drawn from the SAP and conditioned by the in-
jection system to bring it up to column temperature and pressure. A slide valve/
piston arrangement is used to carry out these functions. Meanwhile, the columns
are brought up to operating temperature (50 to 200°C). One or two minutes of
baseline data are run before the gas sample is injected into the chromatograph.
If the baseline data show any evidence of peaks because of contaminant gases,
the mass spectrum scan is suppressed and the columns are flushed.
Two separate columns are used, one for the pyrolyzed soil gases and the other
for the atmosphere and subsoil gases. Both of these are of the microcolumn de-
sign, around 0.01 in. in diameter and about 4 to 6 m long. Both columns are
filled with solid phase material. (The possible use of liquid columns has also
been considered. However, liquid columns would present a nonzero vapor pressure
to the mass spectrometer, which would limit its sensitivit_ .
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As the separated components are eluted they are processed through the separator
to improve the sample/carrier gas ratio. The separator is similar to Llewellyn's
design; the excess carrier gas is pumped away and exhausted. The enriched gas
stream then passes to the ion source of the mass spectrometer. The ionization
current (not including the carrier gas ions) is continuously monitored and used
as a sensitive detector of the chromatograph peaks. The gas chromatograph de-
tector is also used in parallel as a backup for peak detection. The peak sensor
thus can sense the presence of a peak either from the gas chromatograph output or
the mass spectrometer ion current; in either case, a mass spectrum scan is initiated
when the presence of a peak is detected.
The mass spectrometer is a magnetic sector instrument. (A quadrupole has al-
so been considered. Present design would be slightly lighter with poorer resolution.)
The data output in a single mass scan might be as high as 2000 bits (200 mass
numbers with the output for each mass number being converted into a 10-bit word).
Assuming that a single gas sample would result in 25 peaks from the chomatograph
(and thus 25 mass scans), the data output for a single gas sample would be about
50,000 bits. However, since many.of these data would not contain significant in-
formation (i.e., "empty" spectrometer channels), data processing in the SDS can be
used to reduce the amount of data transmitted from this instrument.
Fig. 3.4-10 shows the design concept for the packaged instrument. The inlet
system, chromatograph columns, and separator are all packaged near one end of the
package. Since these units must all be heated to achieve operation of the gas
chromatograph, packaging them together simplifies the thermal requirements. The
ion source of the mass spectrometer is located next to the separator to reduce
the gas flow path. The mass spectrometer is mounted in the top section of the
package. The electronics and carrier gas reservoir are packaged as convenient
in the remaining space.
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The important characteristics of the gas chromatograph/mass spectrometer are
listed in Table 3.4-4.
Table 3.4-4 Characteristics of Gas Chromatograph/Mass
Mass
Range
I to 200
Spectrometer
Accuracy
Resolution (%)
1 part in i00 ±i
at mass i00
Weight Size Average Power
(Ib) (in .) (w)
17 6 x 7 14
x ii
Data Output Characteristics
Bits/Channel Channels/Scan Bits/Gas Sample
I0 200 _ 50,000
(uncompressed)
The following sequence of events would be typical for the instrument for each
gas sample analysis:
i) Set instrument mode and column temperature
2) Start thermal control
3) Start carrier gas flow when operating temperature is achieved
4) Start analog readout (baseline) when SAP is ready
5) Inject sample
6) Read analog output (total ion current) continuously; read mass spectrometer
data as initiated by peak detector
7) Stop data readout; stop carrier gas
8) Flush columns; start carrier gas; and read analog output (repeat item 8
until clear for 1 minute
9) Stop data readout (or continue differential pyrolysis); stop carrier gas;
and shut off thermal control.
A total of 14 gas analyses (seven atmospheric gas, two subsoil gas, five
pyrolyzed gas) are scheduled for analysis during the two-day mission.
The first pyrolysis is a differential pyrolysis where the soil sample is first
heated to some temperature (TI) and held at this temperature while a gas sample
is analyzed. The sample temperature is then raised to (T2) and maintained there
while another gas analysis is performed. This process continues until a total of
four gas analyses have been performed (at four different soil sample temperatures).
The second pyrolysis analysis is a single (flash) pyrolysis. However, the
data from the first (differential) pyrolysis are transmitted to Earth during the
first direct transmission period. If the results indicate that the first pyrolysis
was unsuccessful, the SDS program can be updated by ground command to change the
second pyrolysis to a differential pyrolysis.
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Multichannel Radiometer - The basic measurement to be performed by the multi-
channel radiometer is a measurement of the intensity of the solar radiation reach-
ing the Martian surface in the wavelength region of i000 to 7000 A with a spectral
discrimination in the I000 to 3000-A UV region. This range of wavelength covers
the region for UV absorption by organic molecules and will define the incident
solar and UV flux that is critical to life.
A combination of photoemitting cathodes and short wavelength filters is used
to isolate various middle and far UV spectral regions. Figure 3.4-12 is a draw-
ing of the external configuration. There are six channels; their wavelength
regions, photocathodes, and filters are listed in Table 3.4-5. The cutoff wave-
lengths for the six channels were selected based on available filter materials
and photocathode responses. The diffusing hemisphere for all the channels is
LiF, which is more transparent to shorter UV than any other crystalline material.
The diffusing hemisphere with a field of view of 2_ steradians will collect the
solar energy and uniformly illuminate (regardless of solar elevation) a filter at
the center of its base. The incoming radiation is chopped between the filter and
the phototube to yield an ac signal for amplification. Figure 3.4-13 is a block
diagram of the instrument electronics. Each channel has independent amplification
and data output. The characteristics of the multichannel radiometer are given in
Table 3.4-6.
The top surface of the instrument is mounted on top of the Surface Laboratory
with the detectors oriented to look vertically upward to have a clear view of the
sky, particularly of the horizon. Some shadowing of a detector hemisphere by the
telecommunications antenna or the RT for example, can be tolerated. However, the
shadowing should be at high slJn angles (>30 deg) rather than at low sun angles
near the horizon.
The experiment will measure the solar radiation intensity periodically through-
out the Martian day and night. The highest sampling rates are just after sunrise
and before sunset when the variation of path length through the atmosphere changes
most rapidly. It is presently estimated that the detector outputs would be sampled
once every 5 minutes during the first hour after sunrise and the last hour before
sunset, and once every I0 minutes during the second hour after sunrise and the
second hour before sunset. A measurement rate of i/hr would be adequate during
the rest of the day. During the night, the measurements would be taken about
once every 4 hr to ensure that the experiment is still working properly and to
provide a zero reference for the instrument response in the Martian environment.
MARTIN li_IARIETT4 CORPORATION
DENVER DIVISION
3.4-32 FR-22-I03 Vol III Sect I
Photo Multiplier Tube,
6 Required
6.62
\
/
Diffusive Light Collector,
6 Required
Light Filter, 6 Required
Chopper Wheel
(Two holes marked Z)
ing Ring - Aluminum
sulation
Fiberglas Case
Six-Channel ac Radiometer
Approximate Weight = 5.0 Ib
A
J
Fig. 3.4-12 Six-Channel ac Radiometer
MARTIN MARIETTA CORPORAT'IOIW
DENVER DIVISION
FR-22-I03 Vol III Sect I 3.4-33
ICollectorHLiF Filter ___ LightChopper
#
I
Collector CaF Filter Light
Chopper
I
J
I
Ic°llect°r_ Sapphire HLightFilter Chopper H
I
I
, I
Ic°llect°rH Sapphire H Light HFilter Chopper
I
I
I
ICollectorHCorning __._ Light9-54 Filter I I Chopper H
I
I
I
0-54 Filter J ! Chopper
I
I
I
Chopper I _
Motor l
H K-Br Phototube
K-Br Phototube
K-Br Phototube
CaI Phototube
Cs Te Phototube
CsSb Phototube
____4 1050
to 1550 A
Channel
__._ 1230
to 1550 A
Channel
_____ 1425
to 1550 A
Channel
1425 to
2000 A
Channel
_______ 1900 to
3300 A
Channel
3000 to
7000 A
Channel
28-v Input
Pow er
HV to _'
All Phototubes
To Amplifier_
Converter
Regulator
28-v Input
Power
Fig 3.4-13 Radiometer Block Diagram
lifARTIN llfARIETTA OORPORATION
DENVER DIVIS$ON
3.4-34 FR-22-I03 Vol III Sect I
Table 3.4-5 Channel Characteristics
Channel No. Filter Photocathode Wavelength Range (A)
1
2
3
4
5
6
LiF
CaF
Sapphire
Sapphire
Corning 9-54
Corning 0-54
K-Br
K-Br
K-Br
Csl
CsTe
CsSb
1050 to 1550
1230 to 1550
1425 to 1550
1425 to 2000
1900 to 3300
3000 to 7000
Table 3.4-6 Characteristics of Multichannel Radiometer
Weight
Size
Power
Data form
Bits/sample
Sampling rate
Operating temperature range
5 ib
5 1/8 in. dia by 6 5/8 in. high
8 w during operation
Analog with A/D conversion in DAS
i0
6 channels/5 min maximum
6 channels/4 hr minimum
Detector: -40 to +150°C
Electronics: -20 to +60°C
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Biological Analyzer - The biological analyzer houses two biochemical experi-
ments, an ultraviolet (UV) spectrophotometry assay and an optical rotary disper-
sion (ORD) assay. Solutions made up in separate chambers from samples of the
Martian soil are passed sequentially through the compound optical analyzer. The
configuration and form of the instrument package are shown in Fig. 3.4-14. Figure
3.4-15 is a block diagram showing the functional elements and some of the external
interfaces of the instrument. A schematic representation of the compound optics
component is given in Fig. 3.4-16_ and more detail of the chamber mechanics is
contained in Fig. 3.4-17.
Metered soil samples (of approximately I cc) are introduced from the sample
distribution unit into a number of the 24 solution chambers that are symmetrically
disposed around the central sample wheel. Eight chambers are provided with soil
from the surface, and four more are filled with l-cc samples of soil that have
been passed through the pyrolysis oven associated with the organic volatiles ex-
periment. The baked soil should be virtually sterile and it is used to make up
control solutions for the experiments. The 12 remaining chamber positions are
used to house optical calibration cells. The wheel is mounted in a vertical
plane, and it can be either stepped sequentially through 24 positions or driven
freely up to speeds sufficient to provide a good centrifuging action.
The soil samples are introduced into appropriate chambers when they are stopped
in the lowermost position. An electrically driven loading funnel (not illustrated)
depresses the spring-loaded entry port and directs the soil particles as they exit
from the SAP delivery tube into the upper part of the chamber. When all of the
sample is delivered, the funnel is con_nanded to withdraw and the wheel is stepped
on. Solvent is transferred from the lower part of the chamber, where it is stored
until this time, as the chamber is stepped into the uppermost position. On re-
ceipt of the appropriate command, an electromagnetic valve actuator temporarily
withdraws the filter valve from its normal closed position, allowing the solvent
to drain into the inner compartment containing the soil particles. After all
these initial operations are complete, the stepping mode of rotation is continued
for 15 minutes to effect the organic extraction. After the solution has been
formed, the wheel motion is changed to the spin mode and centrifugal action is
used to drive the solution through the main filter into the optical compartment.
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On the outermost wall of the chamber, a further small compartment, protected by
a micropore filter, collects and traps relatively small molecules that might
interfere with the experiments. The duration of the spin phase will be matched
with the efficiency of the two filters, though a certain contingency is allowed
to accommodate possible variations in the nature of the soil samples. The mechan-
ical sequences can be repeated or extended by an overriding ground command capa-
bility.
The integration of the UV spectrophotometry and polarimeter experiments is
shown in Fig. 3.4-16. The illustration shows three parallel optical paths through
each sample cell. Using the analyzer in the polarimeter mode, collimated light
from the source is passed through a polarizer, then deflected into the first of
the three optical paths by a mirror mounted, along with the polarizing filter,
on the mode wheel. After passing through the soil solution, the polarized beam
is deflected through an analyzer prism and into the photomultiplier detector.
During the period that this beam is passed through the solution, the analyzing
prism is slowly rotated about an axis coincident with the transmitted light path.
The sinusoidal amplitude variation of the transmitted beam, as the analyzer is
rotated, is recorded on a magnetic drum that is part of the analyzer drive mech-
anism. The use of a magnetic drum is required to record the ac signal, but repre-
sents a potential development problem. A reference signal is generated by step-
ping a sterile reference solution into the analyzer path and compared on-line with
the previously recorded signal as it is read from the magnetic drum. Any net ro-
tation introduced by the sample solution _ppears as a phase displacement between
these two signals. The analog dc output signal voltage from the demodulator proc-
essor unit is directly proportional to the phase displacement, and thus the opti-
cal rotary dispersion of the sample solution.
In the spectrophotometry mode the mode wheel is rotated, replacing the polar-
izer and deflecting mirror with appropriate UV filters. The light now passes to
a mechanically driven chopping system that alternatively deflects the beam through
the second and third paths of the sample chamber. One of these paths is arranged
to pass through a special chamber built into each cell, isolating a sample of the
basic solvent mixture from the rest of the material. This path serves as a ref-
erence for the experiment so that absorption due to the solution can be directly
extracted from the phase-demodulated output of the photodetector.
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Each experiment sequence is estimated to last about i hr, and the sequences
can be repeated a number of times at the discretion of the experimenter. The
total data requirement is low. Assuming 50 readings are made in all, and that
each reading requires I0 bits for the instrument output and 5 bits for chamber
identification; this totals 750 bits generated at an average rate of less than
0.2 bps. There will, of course, be a number of additional analog signals to be
considered. This may approximately double the data requirement to 1500 bits at
about 0.4 bps.
The analyzer external electrical interfacing is limited to the 28-vdc cabling,
science data transmission lines, and control signal lines, to the SDS power distri-
bution interface unit, analog data collector unit, and central processor unit,
respectively.
The analyzer is provided with a temperature control unit for maintaining a
temperature near 30°C with changes of not more than 0.5°C over each reading period.
Reading periods may occur randomly during the operational period and typically will
last about I0 minutes.
The analyzer is provided with a pressurization seal to maintain the instrument
ambient atmosphere at 5 to i0 psi (except during soil insertion) to prevent a
major loss of solvent and other reagents by evaporation.
The total weight of the analyzer is 20 Ib within a volume of 1800 cu in.
The instrument requires an average of 5 w of power.
Metabolism Detector - The metabolism detector is shown in Fig. 3.4-18 and a
functional block diagram of the instrument is shown in Fig. 3.4-19. Two similar
gas analyzer units are employed, an active unit that monitors the gases evolved
from the region of the soil surface where the culture material has been deposited
and a control unit intended to detect any spontaneous gaseous decomposition prod-
ucts arising from a similar batch of culture material laid down on a sterile plate
under the instrument.
The detectors are deployed to the Martian surface to perform the experiment
in situ rather than collecting a sample of the soil and bringing it to the in-
strument. This approach was selected for the metabolism detectors for the follow-
ing reasons:
I) Any micro-organisms in the surface soil might be affected by the collec-
tion, transport, and processing of the soil. This possibility is avoided
by deploying the instrument to the surface
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A relatively large sample area can be used for the metabolic reactions.
It would be very difficult for the SAP to collect and transport a sample
of equivalent size
3) Having one of the specific life-detection experiments (metabolism de-
tectors) deployed and the other one (biological analyzer) using acquired
samples provides functional redundancy. Thus if the SAP fails to collect
an adequate sample (on say a very hard surface) the metabolism detector
could still operate. Conversely, if the metabolism detectors fail to
deploy properly (perhaps because of extreme surface irregularity), the
biological analyzer could still function.
A pair of quadrupole mass spectrometers is used to perform the gas analysis
function; separate spectrometer heads are located immediately above the trans-
parent shrouds used to enclose the space immediately over each batch of deployed
culture. The experiment concept depends on not sealing off this volume complete-
ly because this could seriously restrict any physiological activities taking
place within the enclosed area. A small heating coil close to the gas inlet
lead is used to provide a local incubation environment, if necessary, _ and to pre-
clude the possibility of ice blocking the inlet for the entire mission period.
The inlet is automatically controlled by a simple diaphragm-shaped valve arrange-
ment to allow a slow, fixed-rate flow of ambient gases into the evacuated detect-
ing head. A common pump is used to reduce the pressure within the instrument as
required.
Each spectrometer head is provided with the minimum of matching electronics
and common control voltages are generated by a separate electronics unit located
close to both deployed units. The control unit is identical (Fig. 3.4-18) with
the active unit in all respects except that it is provided with a base to pre-
vent the substrate reaching the soil surface. Vent holes in the shroud allow
a slow equalization between the enclosed area and the surrounding atmosphere.
The substrate in both units is carried in separate sealed chambers (Fig.
3.4-18). Each seal is broken on command by a contained electroexplosive device
that pierces the inner diaphragm, releasing the substrate. A spring-loaded
piston drives the substrate through a narrow orifice onto the surface under the
unit. In this way, the whole area beneath the hood is lightly sprayed with the
nutrient material.
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A major problem with carrying a substrate is protection of the substrate
through dry heat sterilization. One approach is to provide post-sterile inser-
tion after the dry heat-sterilization cycle. The plumbing required is concep-
tually a major system penalty. The other approach selected is to allow the sub-
strate, contained in a sealed capsule, to undergo the sterilization cycle. The
specific amount of degradation of the substrate caused by dry heat-sterilization
temperatures is unknown but is assumed to be minimal.
The basic part of the metabolism experiment involves using a special univer-
sal culture medium that is isotopically labelled with C 14 to detect the organic
breakdown of this material to C1402. Therefore, the detector is simply used to
variations in the C1202 C1402 ratio. However, the instru-observe time-dependent
ment is furnished with an alternative mode of operation where the whole mass
spectrum (4-80) is periodically scanned. This mode can be commanded from the
ground and is intended to provide backup data on the atmospheric composition as
well as an alternative capability to contend with unexpected or anomalous results
from the experiment.
The transparent dome is intended to interfere with the natural isolation as
little as possible, though it will almost certainly cut off the transmission of
some of the shorter wavelength components in the incident sunlight.
The total weight of the instrument is I0 Ib (3 ib for each unit and 4 Ib for
the pump/electronics component). Each detector head uses i w of power, the elec-
tronics requires 3 w, making a total average consumption of 5 w during operation.
Description of Sample Acquisition and Processing (SAP_ Equipment - SAP equip-
ment collects, transports, processes, and distributes samples of the Martian at-
mosphere, surface soil, and subsoil gas to the gas chromatograph/mass spectrom-
eter, and measures subsurface temperature. Sample requirements are shown in
Table 3.4-7.
A block diagram of the preferred approach for the SAP to meet these require-
ments is presented in Fig. 3.4-20. The SAP is composed of six principal sub-
assemblies: atmospheric gas collector, surface soil collector, subsoil gas
collectors, subsurface thermometer, soild processing and distribution, and the
deployment mechanism for the soil and subsoil gas collectors. The following
paragraphs describe the equipment used and the functions performed by the blocks
in the diagram for each of the subassemblies.
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Table 3.4-7 Sample Requirements
3.4-45
Scientific
Instrument
Gas Chromatograph/
Mass Spectrometer
Biological Analyzer
Estimate Number
of Measurements
for 1973 Mission
Soil
2
2
Atmos-
Subsoil pheric
Gas Gas
2 7
Sample Size/
Measurement
(cc)
Soil
2
4 --
Gas
3
Total Required 12
Contingency 6
Grand Total 18
Total Sample
Size Required
Soil
4
(cc)
Atmos-
Subsoil pheric
Gas Gas
6 21
6 21
3 9
9 30
Atmospheric Gas Collection - The atmospheric gas collector consists of a
spring-actuated valve that opens a port to allow the atmosphere to diffuse into
the collection chamber. The gas chromatograph then draws off samples from the
chamber when desired. A small housing containing a baffle and filter is also
incorporated to remove entrained dust, if any, from the sample before it can
enter the gas chromatograph. Low diffusion resistance is provided by using a
pleated filter, large cross-sectional areas along the diffusion path, and mini-
mizing the transport tube length. The spring-actuated valve is compressed and
closed at assembly. The spring is held in the compressed position by high re-
sistance nichrome wire. When it is desired to open the valve, an electric cur-
rent is passed through the wire, causing it to heat, yield, and release the
spring that performs the mechanical operation of opening the port. This function
could also be performed by an electroexplosive device if desired.
Subsoil Gas Collection - The surface soil and subsoil gas collection equip-
ment is housed inside the lower portion of the deployment extension tube as il-
lustrated in Fig. 3.4-21. The subsoil drill probe (20 in. long) and drive motor
are placed concentrically in the extension tube with the probe being supported by
a s_eeve-guide at the bottom of the tube. The drive mechanism consists of an
electric motor and gear-drive to rotate the drill. This motor is splined to the
inside of the extension tube so that axial movement is allowed but rotation of the
motor is restrained, permitting translation of the entire drill system within the
tube. The drill motor also powers a screw drive system that engages threads on
the inside of the tube to apply the necessary axial thrust (60 to 80 ib) by lim-
iting the maximum torque output of the screw.
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This decouples the drill penetration rate from the drill rotation rate,
which is necessary to preclude the possibility of stalling the motor when drill-
ing in very hard surface material, while maintaining the maximum axial force on
the drill. A single motor is used for the complete drill operation instead of
separate motors for the drill and screw to improve the reliability of this oper-
ation.
A transducer is used to measure the translation of the drill drive within
the extension tube, thus measuring the drill penetration depth.
Subsurface Thermometer Three temperature sensors are mounted on the ex-
terior surface of the drill probe to perform the subsurface temperature measure-
ments. The temperature sensors are platinum resistance thermometers similar to
the ring-type temperature sensors developed for the heat flow experiment on
ALSEP. These sensors are capable of operating over a wider temperature range
than the maximum expected temperature range of the Martian surface of roughly
-125 to q_0°C. The temperature is measured with an accuracy of ±I°C.
The electrical leads from the temperature sensors are brought out to the
electronics unit in the Surface Laboratory through a slip ring assembly at the
upper.end of the drill probe. A bridge circuit with a pulsed measurement tech-
nique (similar to the circuit shown for the atmospheric temperature measurements
in Fig. 3.4-7) is used for the sensor resistance measurement.
Three temperature sensors are used, spaced along the drill probe. If the
drill probe achieves its expected penetration into the surface, the top sensor
will be just below the Martian surface and will very nearly indicate the surface
temperature. The other sensors will indicate the temperature at greater depths
and, thus, will provide information on the diurnal temperature variations below
the surface.
Subsurface temperature data are acquired several times during the mission at
different conditions of Martian day and night. In particular, data are acquired
just before each subsoil gas analysis is performed by the gas chromatograph/mass
spectrometer to verify the subsurface temperature conditions at the time of anal-
ysis.
Surface Soil Collection - The surface soil collector operates on the same
principle as the drill unit: an electric motor, mounted concentrically to the
drill sleeve-guide, rotates an annular surface scraper and a clutch screw drive
unit in a similar manner as discussed above for the drill. The sample is col-
lected by rotating the abrasive cutting head on the surface while thrust is being
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applied to dislodge and force surface particles through perforations in the
scraper surface into the collection volume above the scraper. After approxi-
mately 18 cc of soil have been collected, the drive motor is reversed to retract
the entire unit up the extension tube to a position where the sample is cen-
trifugally dumped into the elevator transport cup through an opening in the wall
of the extension tube.
The elevator is mounted to the exterior of the extension tube and consists
primarily of the transport cup that carries the sample, a motorgear-head drive
that raises the cup to the Surface Laboratory from the base of the extension
tube, and the cable unit that connects the cup to the drive unit. The cable,
which is paid out from a storage drum as the extension tube is deployed, also
restrains and guides the cup during sample transport. When the soil sample has
been raised to the top of the Surface Laboratory, the cup is mechanically dumped
into the processing and distribution system.
Soil Processing and Distribution - A cutaway of the soil processing and dis-
tribution concept is shown in Fig. 3.4-22. As the soil sample enters the top of
the unit, it falls onto an oscillating screen that filters out those particles
in the sample that are larger than desired for the analyses. The filtered sample
is then held in the conical storage hopper until required by the instruments.
Upon command, the metering valve at the base of the hopper is rotated by a step-
per motor, measuring out discrete volumetric samples of 1 cc for each 180 deg
of rotation of the valve. The l-cc samples are then gravity-fed through a de-
flector sending the samples directly to the biological analyzer or to the process-
ing oven. Agitation of the entire processor during transport with a solenoid
vibrator assures that samples of adhesive material should pass through the sys-
tem even though it may be inclined due to landing on 34-deg slopes. Sequencing
of the metering valve is provided by the SDS to correspond with the indexing of
the biological analyzer's sample wheel to assure that the samples are properly
placed within the test chambers.
After a 2-cc sample has been placed in the oven, a piston seals the inlet and
opens a gas line to the gas chromatograph. The oven is heated by electrical re-
sistance heaters, controlled by the SDS, driving off the volatile constituents
for analysis by the gas chromatograph/mass spectrometer. Following the heating
process, a valve at the bottom of the oven is opened to remove the sample.
The piston is used to force the sample through the oven if necessary.
MARTIN MARIEI'rA I:ORPORATION
DENVER DIV(SfON
FR-22-I03 Vol III Sect I 3.4-49
Sample Input
Screen
Oscill_
Drive
Storage
Hopper
Drive
Pist
To Gas
Chromatograph
& Mass
Spectrometer
Oven
Screen
Metering
Valve
Metering
ValveDrive
//1
Metering Valve
In Pre-Operative
Position: Straight
Through To Oven
_rator
Pulver
Reference Raw
Soil Soil
, $
To Biological
A nalyz e r
Fig. 3.4-22 Soil Sample Processing and Distribution Concept
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Since the sample may be solidified by the heating process, it is passed through
a pulverizer, which is essentially a hammermill using staged blades rotating at
high speeds. The relative motion of the blades breaks up the samples, but is
not intended to grind or reduce its grain size beyond that occurring naturally.
This sample is then stored until required by the biological analyzer as a ref-
erence sample.
The 18-cc soil sample that is collected is large enough to provide for two
complete distribution cycles, each consisting of four l-cc samples for the bio-
logical analyzer and one 2-cc sample for the oven, with a 6-cc contingency.
Obviously, there is no requirement to clean the system between cycles to reduce
cross contamination.
A gross volume measurement is obtained by using a detector and the metering
valve. The detector, consisting of a small lamp and a photo-sensitive cell, is
placed directly above the metering valve with the light path passing through the
entrance tube to the valve to illuminate the cell. Thus, when there is s0il in
the tube, the light beam is interrupted. By counting the number of revolutions
the metering valve rotates before the sample is exhausted, as measured by the
detector, the total sample volume is determined.
Deployment Mechanism - The design of the deployment mechanism (Fig. 3.4-21)
consists of a single-element telescopic cylinder that is extended by a motor
drive. The extension tube (3 in. diameter and 75 in. long) is housed in a sup-
port tube attached to the Surface Laboratory secondary structure. Since the
mechanism is too large to be mounted in its operating position within the Sur-
face Laboratory envelope, it is stowed in an inclined position until the Capsule
Bus lands on the surface. Upon command from the SDS, a motor-gear drive rotates
the unit into the upright position, locks it to the Surface Laboratory structure,
and vertically extends the tube, which houses the subsoil drill probe and rotary
surface collector, to the surface placing the collector in position.
Description of the Science Data Subsystem (SDS) As a prime element in the
landed science subsystem, the SDS sequences and controls the science instruments
and sample acquisition equipment; collects, processes, buffers, and formats
scientific and engineering data from the science instruments; stores science
data; and routes data to the telemetry subsystem for transmission to Earth. In
addition, the SDS provides a central terminal for receiving and issuing scien-
tific operational commands from the command and sequencing subsystem. The exact
landed science payload will not be finalized until mid-1968, and may be subject
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to changes and variations during subsequent developments. Therefore, it is de-
sirable to provide a flexible SDS design that will not overly constrain the de-
velopment of the science payload, but will provide a fixed interface for design
of the Surface Laboratory.
The following paragraphs contain the functional and physical descriptions of
the preferred preliminary SDS design.
SDS Functional Description - The preferred preliminary approach shown in Fig.
3.4-23 uses (i) an analog collection unit, (2) a digital collection unit, (3) a
central data processor, (4) a bulk data storage unit, (5) a power converter unit,
and (6) a power distribution interface unit. General characteristics of each
SDS unit are shown in Fig. 3.4-24. A detailed description of the central proces-
sor unit is presented later.
SDS Operations - All required SDS functions are performed using a stored pro-
gram in the central processor. Operational commands to all external devices (in-
struments and SAP) are decoded at preprogramed times and are decoded into dis-
crete or parallel-coded commands. Operational commands are sent to all internal
devices (analog and digital collection units, tape control unit) in parallel
form. Rather than wait for the device to collect or process data, the data
processor continues its normal program and allows some of the devices to "inter-
rupt" the data processor when it is ready to transfer data. When the interrupt
occurs, the master program first stores all volatile information, scans the SDS
users to locate the one causing the interrupt, and sends control to a sequencing
subroutine to service the user. Finally, after the user is serviced, the data
processor restores the volatile information and returns control to the point at
which interruption occurred.
Command and Control Sequencing - The data processor is periodically inter-
rupted by a real-time clock that initiates a command and control sequencing pro-
gram. A typical sequencing program would contain blocks of command sequences and
subsequences. The main sequence would call subsequences that contain repetitive
patterns of commands used at several different points in the main sequence. Each
sequence block will contain (I) header instruction to indicate the rate of com-
mand execution, (2) commands to be executed, and (3) trailer instructions to in-
dicate next transfer block.
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Fig. 3.4-24 SDS Subassembly Diagram (i of 2)
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A list processing software technique (described later in this subsection)
strings blocks of the main program into any order desired, thus obtaining block-
by-block reprograming capability with the change of only one word per block.
Each programed command is outputted under program control via an output buffer
within the data processor and is an addressed user type. Twelve bits of coded
command information are available, thus making available 212 unique command oper-
ations. Each user within the SDS is responsible for decoding _ix address bits
for address and gating through up to six pulses to be used as whatever control is
required. These might be, for example, clear, read, or write a buffer; change
modes; or execute some command. Decoding is accomplished within the central
processor unit for providing discrete and parallel-coded commands to all users
external to the SDS.
Data Collection - Data inputs from various collection devices within the SDS
are routed into the data processor through one of two channels -- program con-
trolled input/output and direct memory access (DMA).
The program controlled data transfers are exercised via the interrupt tech-
nique. The DMA channel is used for those inputs suited either to high-speed
input of data to blocks of sequential memory location such as the gas chromato-
graph instrument or to inputs that require very simple processing such as up/
down counting with test.
The amounts and rates of data collection are controlled by the sequencing
software program previously discussed.
Data Analysis - About one-half of the memory in the SDS is devoted to data
buffering, accumulation, and analysis. Such requirements arise from two consid-
erations -- the data from the instruments tend to come in bursts at high rates
and the total amount of data is more than can be transmitted within the allotted
times and rates. These imply a need for both data buffering and compression.
General data compression techniques are accomplished using stored algo-
rithms in the central processing unit. Of the seven instruments being consid-
ered for the 1973 Voyager mission, it is recommended that data compression tech-
niques be employed for the alpha-scattering, gas chromatograph, metabolism de-
tector, and wind velocity experiments. Data compression techniques and mission
time saved are listed in Table 3.4-8. Using data compression allows sufficient
time to transmit additional science data equivalent to 40 TV pictures at a
transmission rate of 224 bps.
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TV data compression is not recommended for the 1973 mission because (I) the
appropriate compression algorithm strongly depends on scene parameters (content,
lighting) that are unknown, variable, and uncontrolled, (2) the multiple-end
uses and variable content of the pictures precludes the selection of a single
criterion of acceptability, and (3) selection of an inappropriate technique for
1973 could jeopardize compression in later missions by masking some scene param-
eters.
Data Storage - Approximately 64,000 bits of buffer storage will be provided
in the central processor to compensate for differences between input data col-
lection rates and output rates during all phases of the mission. Additional
bulk storage (3 x 107 bit capacity) will be provided to accommodate the storage
of formatted data during nontransmission periods.
Data Formatting and Output - The SDS formats all scientific data and proc-
esses these data in a serial manner to the telemetry subsystem at various rates
commanded by the sequencer and timer subsystem.
as follows:
Transmission Mode
Relay Mode
Direct Mode 1
Direct Mode 2
The SDS output data rates are
SDS Output Rate
(bps)
3584
448
224
Each formatted frame of data contains frame identification, frame length,
and word length information as well as frame synchronization.
A bit synchronizer that uses a pseudorandom sync code generator is provided
in the output section of the SDS. Modulo 2 addition of formatted data, sync
code, and clock is performed. Then data are serially transferred to the telem-
etry subsystem.
Central Processor Functional Description - The central processor unit is
subdivided into memory data processing, and interface buffer units (Fig. 3.4-25).
Memory Unit (MU) - The memory consists of a 8192 word x 16 bit nondestruc-
tive readout (NDRO) plated wire storage. It can store and retrieve any of the
8192 16-bit words in a random access manner. All circuitry required for the
read/write operations are contained in the memory unit.
The memory stack (MEM) includes the storage elements and all the interfacing
circuits (e.g., sense amplifiers, digit drivers, and word drivers).
MARTIN MARIETTA CORPORATION
OFNVER OtVISION
3.4-58 FR-22-I03 Vol Eli Sect I
Interface
ACU - Analog Collection Unit
DCU - Digital Collection Unit
TCU - Tape Control Unit
CD - Command Decoder
SAP - Sample Acquisition & Processing Equipment
TM - Telemetry
PDI - Power Distribution Interface
SEQ - Sequencer
INS - Instruments
¢ Memory /
----I Unit
; .emory_ ;
Stack I- ;
• /
• /
I ;
• Memory
Input/Output
Register
Interface
Buffer
Unit
Command
Reprograming
Register
CD
Bit L. I Data
Syncronizer I_ [ Seriallzer
Real-
- Time !
Clock
DemanderDecoder
Accumulator
Register
Arithmetic
Unit
Program
Address
Register
Operations _
Register/
Decoder
Operations
Control &
Execute
Control
i
Data
Processor
Uni%
ACU, DCU
DCU TCU
TCU SEQ
EXP
Fig. 3.4-25 Central DataProcessor Functional Block Diagram
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The memory address register (MAR) determines which of the 8192 words is to
be read out or written in during a given memory cycle. Therefore, it must be
loaded before initiating a memory cycle. Data can be loaded from the memory
input/output register (MIOR), data processor unit (DPU), or external units into
the MAR.
The MIOR receives the word from the memory stack during a read memory cycle,
and it contains the word to be written into the memory stack during a write mem-
ory cycle. Before a write cycle, the MIOR must have the desired word transferred
into it. Data can be entered into the MIOR from the MAR, DPU, tape control unit
(TCU) or analog collection unit (ACU). The MIOR can also be incremented by one
and decremented by one.
Data Processor Unit (DPU) - The DPU is the heart of the central processor unit
in that it actually accomplishes the sequencing operations for the science data
subsystem. The DPU sequentially calls words out of the stored program in the mem-
ory unit. After decoding the instruction, one of 16 operation_codes is selected
to execute the operation as defined by the memory instruction. When the instruc-
tion word is executed, a new instruction word is fetched from the memory unit and
the complete cycle is repeated. This reading and executing of instructions cQn-
tinues throughout the entire mission.
The accumulator register (AR) is used for logical and data analysis opera-
tions and for some user input/output data transfer. It can be cleared, comple-
mented, shifted right or left, and also perform operations as defined in the
operation repertoire. Data can be transferred between the AR and the MIOR,
arithmetic unit (AU), and the users.
The AU is used to perform the logical arithmetic operations as specified by
the operation repertoire. The AU serves as the operator between the MIOR and
the AR.
The program address register (PAR) is used to keep track of where the next
instruction is stored in memory. Address data may be entered into the PAR from
the MIOR to start a sequence. The contents of the PAR are transferred into the
memory address register before a memory read cycle. The PAR can be incremented
by one to determine the next memory unit location.
The operations register/decoder (ORD) receives the operation word from the
MIOR. After decoding the operation code as defined in the operations repertoire,
the ORD selects one of the 16 instructions or instruction classes in the opera-
tions control and execute (OCE) unit.
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The OCE unit recognizes 16 different operations. On microprogramed instruc-
tions, the OCE performs second-level decoding. A multitude of control signals
are generated within the OCE. These signals are used in the OCE, in the memory
unit, and by all the various central processor unit internal users.
The input/output control (IOC) unit receives IOT instructions from the MIOR
and generates timing pulses for the users as defined by the instruction. The
skip-interrupt lines from the users will also come to the IOC and will be out-
putted to the OCE where they force the appropriate instruction.
Interface Buffer Unit (IBU) - The IBU interfaces between the central proces-
sor unit and various demandees.
The demander decoder (DD) receives an IOT instruction from the MIOR and con-
trol pulses from the I/O control. After decoding, the DD sends discrete or par-
allel coded commands to the appropriate science instrument, SAP, or PDI units.
Since all data are transferred within the central processor unit in parallel
form, parallel to serial conversion is performed by the data serializer (DS).
Contained in the bit synchronizer (BS) is a pseudorandom sync code generator.
The mod 2 addition of data, sync code, and clock is performed and serially trans-
ferred to the telemetry subsystem. Two separate data lines are provided: (I)
data transferred at 224 or 448 bps and (2) data transferred at 3584 bps.
Real-time clock (RTC) provisions are incorporated to account for elapsed
time after an enable signal (indicating landing) is received from the command
and sequencer subsystem or Capsule Bus touchdown sensor backup. Time code cor-
responding to time of data collection is available.
Command reprograming provisions are incorporated in the command reprograming
register (CRR) to accept two consecutive 16-bit command words from the command
decoder for reprograming purposes. The first will be coded for interpretation
as an address word, and the second as information to be reprogramed at the ad-
dress location of the word.
Central Processor Unit Functional Operation - All the operations performed
by the central processor unit are controlled by instructions. The central
processor unit instruction format is aimed at facilitating the input/output and
handling of data and the issuing of command and control at the expense of arith-
metical and logical capability. Thus simple arithmetic (add, subtract, and
arithmetic shift) are included while multiple arithmetic operations (e.g., mul-
tiply, divide, and floating point) are not. Program branching control is mini-
mal (jump unconditional and jump to subroutine) with no conditional memory jumps
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and no indexed addressing. Both clearing and nonclearing storage is provided
to avoid both repetitious call back of input data and preparatory clearing for
output data. Both memory increment and test and decrement and test are provided
to make each memory location capable of being used as an up/down counter.
Three types of instructions are defined in Fig. 3.4-26, the memory reference
words, the input/output word, and the operate words.
Four types of information are contained in the memory reference word:
I) The first four bits represent the operation code number
2) The fifth bit describes direct or indirect addressing. If the fifth bit
is a "I," then the address contained in bits 7 thru 16 describe not the
operand address but the location of the operand address. If the fifth
bit is a "0," then bits 7 thru 16 truly describe the address of the
operand
3) The 8192 word memory is divided into 8 pages of 1024 words each, hence
the sixth bit of the memory reference word contains page information.
If it is a "I," this means the address in bits 7 thru 16 is contained
in the current page. If the sixth bit is a "0," this means that the
address in bits 7 thru 16 is contained in page 0
4) Bits 6 thru 16 define a particular memory location. Again for indirect
addressing these bits point to a memory location where the operand ad-
dress is stored. For direct addressing, these bits point directly to
the memory location of the operand.
The memory reference words then in general always define a specific function
to be performed and also point to a memory location, the contents of which loca-
tion are to be functionally operated upon.
Three types of information are contained in the input/output word:
I) The first four bits again define an operation code. In this case, they
define an lOT word. It is operation code number 9
2) Bits 5 thru i0 define the user address. A total of 6 bits provide the
capability of interfacing with 64 discrete users
3) Bits ii thru 16 are transferred over to the I/O control of the data
processor unit. The I/0 control decodes these 6 bits. Six discrete
lines exit from the I/O control containing six discrete control pulses.
These six pulses occur at six different time increments as tl, t2, t3,
t4, t5, t6. The presence of Is or 0s in bits Ii thru 16 defines whether
each of these six pulses will be present or not.
The input/output word then in general is used for sequencing the various users.
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The first four bits of the operate words define an operation code. The re-
maining bits define certain operations to be performed sequentially as defined
in Table 3.4-9. The operate words are generally used to test and/or modify words
located in the AR.
Table 3.4-9 Operate Word Definitions
CLA - Clear AR
CMA - Complement AR (is complement)
IAC - Index AR
CLL - Clear Link
CML - Complement Link (Is complement)
RAL - Rotate AR & Link Left
PAR - Rotate AR & Link Right
SAL - Shift AR Left
SAR - Shift AR Right
N 2,N I,N O - Number of Shifts
DAC Decrement AR
SZA Skip on Zero AR
SMA - Skip on Minus AR
SNL - Skip on Nonzero Link
RAS - Reverse all Shifts
HLT - Halt
Science Data Subsystem Sequencing Function - The sequencing function is per-
formed by a virtual sequencer made of software in the central data processor.
The sequencer operates on interrupts to the processor caused by a real-time
clock. This clock is an oscillator that sets a flip-flop at each clock time.
When set, this flip-flop causes an interrupt and opens a gate to the skip line
of the processor. The processor scans via skip testing until it discovers that
the real-time clock caused the interrupt, whereupon the interpretive program is
entered. This program first clears the flip-flop, thus removing the interrupt,
and then proceeds with service.
The sequencer operates at both a subconscious and conscious level. At the
subconscious level only the simple operations of updating mission time and de-
ciding whether to proceed to the conscious level are performed.
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At the conscious level there are two classes of commands that may be exe-
cuted -- internal and external. Internal commands permit direct branch (un-
conditional), mark place and branch, indirect branch (return) and change of
rate of proceeding from subconscious to conscious level.
A typical program would contain a series of command sequences and subse-
quences. The main sequence would call subsequences that contain repetitive
patterns of commands used at several different points in the main sequence.
Subsequences and sections of main sequences would be divided by header commands.
One such command would set the rate at which the following sequence is to be
executed. This device, i.e., differential time storage, greatly reduces the
amount of memory devoted to time tagging.
A list processing technique is used to string together blocks of the main
program into any order desired, thus obtaining block-by-block reprograming with
the change of only one word per block.
This gives one level of reprograming capability. A second type of adapta-
bility is furnished by the ability to offset the entire sequence by introducing
a delay at any point in the sequence via intervention of the real processor into
the mission time counter. This counter word determines how much mission time
elapses before the virtual sequencer becomes conscious. A large number can be
inserted by ground command or the real processor at any time. This would cause
the sequencer to pause for this amount of time without losing its place in the
sequence. Upon becoming conscious again the sequencer would continue the se-
quence at exactly the same point that it left off and automatically reset the
mission time counter to the rate appropriate for the current sequence.
The commands within a block will be executed in the order in which they are
stored, but the order of storage of different blocks has nothing to do with
their order of execution. Also, any blocks of commands can call in a subroutine
to handle repetitive sequences, and these subroutines can be used at many places
in a block, or in two different blocks.
List Processing - The main command program sequence is shown in Fig. 3.4-27
as being broken up into logical blocks of variable length. Each block is headed
by a time differential setting that sets the rate at which the block is to be
executed. A trailer on each block is a pointer to the next block.
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Block 1
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Block m
Pointer to
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SUbrlutine I I Subr2utine I I Subr2utinel I Subroutine I
Fig. 3.4-27 Program Sequence Blocking
The program counter may be initially set by the touchdown sensor, ground
command, and/or the real processor to any value; thus any block may be first
regardless of its actual location in memory. Suppose this is nominally block 4.
At the end of block 4 is a pointer to the next block to be executed. This may
be any block (including block 4 again). Assume it is block i. Similarly the
trailer word for block I points to some other and so forth. Thus the nominal
sequence might be
5 Times 3 Times
A block can be eliminated from the sequence by changing the pointer word
that leads to it; a block can also be deleted from its nominal position and in-
serted in any other by changing three memory words. In general, the example se-
quence can be altered to any of its 5040 permutations by changing at most seven
memory words. Thus, this list processing technique affords a high degree of
versatility at low cost in terms of reprograming bits.
Subroutines and Mixed Language Programing A second feature shown in Fig.
3.4-27 is the use of subroutines. Provision is made in the virtual sequencer
to branch out of any point in the main sequence and mark the place of branch.
Control then passes to a subroutine and, on completion, returns to the point of
departure. This feature allows a frequently used sequence to be called for at
various points in a block or even in different blocks if necessary.
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These subroutines can be any sequence of commands similar to the main se-
quence. They may be executed at the same rate as the main program or they may
change the rate before beginning, restoring it after completion. They operate
in the same way as the main sequence; in particular the subroutines may use sub-
routines.
A second and more important case is that the subroutines may be in the lan-
guage of the real machine instead of the virtual one. This mixed language capa-
bility allows the virtual sequencer to call on the real machine with its much
greater instruction capability for logical and arithmetic help such as condition-
al branching.
A simple but significant example would be a real language program that counts
the number of times the virtual sequencer loops through an instruction and then
takes it out of the loop. This enables the repetition shown in the example above.
Science Data Subsystem (SDS) Physical Description - A weight, power, and
volume summary of each component in the SDS is shown in Table 3.4-10. Reference
design estimates as well as estimates for the preferred SDS design are shown.
Note that the preferred SDS design includes bulk data storage, which was listed
as a separate subsystem in the JPL constraints document.
The SDS configuration is shown in Fig. 3.4-28.
Operational Sequence - The first part of this discussion describes the func-
tional flow diagram and the mission sequence for the landed science subsystem.
The mission sequence for the landed science subsystem has been laid out to detail
the various operational functions performed within the landed mission period.
All of these main sequential operations are initiated and controlled by the SDS.
The second part of this discussion indicates reprograming capability that
exists in the SDS and how it can be used to update the main sequence to take ad-
vantage of data received from the entry and landing phase as well as the early
part of the landed mission phase. J
Functional and Mission Sequence - The functional flow diagram for the landed
science subsystem preliminary design is shown in Fig. 3.4-29. This functional
flow diagram has been laid out in terms of the different science experiments
being conducted. Thus, SDS functions such as turning power on and off and stor-
ing data have been integrated into the flow diagram for each experiment. Also,
SAP functions of acquiring gas and soil samples have been included in the appro-
priate experiment flow sequences.
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Table 3.4-10 Science Data Subsystem Power, Weight, and Volume Summary
3.4-67
SDS Unit
Analog Collection
Digital Collection
Central Processor
Tape Control & Re-
corder
Power Converter
Power Distribution
Interface
Totals
Quantity
[*
I
i
i
Reference Design
Weight
(Ib)
4.2
0.9
10.5
6.75
6.0 3 .O
2.0 i .0
Power
(w)
5.5
0.5
17.0
5.5
36.5 26.35
*Multiplexer and 3 A/D converters.
tMultiplexer and 4 A/D converters.
Volume
(in. 3) Quantity
85 it
64 i
500 2
275 2
150 2
75 i
1149
Preferred Design
Power Weight
(w) (lb)
6.5 5.2
0.5 0.9
28.0 21.0
Ii.0 13.5
6.0 6.0
2.0 i .0
54.0 47.6
Vo Iume
(in. B )
125
64
iOO0
55O
225
75
2039
CENTRAL PROCESSOR
CONTROL LOGIC
POWER CONDITIONER
lO. O '_ ---_
/
POWER DIS_
DIGITAL DATA /
COLLECTION UNIT "
ANALOG DATA /
COLLECTION UNIT
TAPE RECORDER
Fig. 3.4-28 Science Data Subsystem Configuration
MEMORY UNIT
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The basic functions considered for each experiment are to apply power, per-
form all functions associated with acquiring the experiment data, store the data,
and turn the instrument power off. For some experiments, such as the atmospheric
experiments, the process of acquiring the measurement data is so simple that it
has been represented by a single block. In other cases, such as visual imaging,
intermediate steps are required after power is applied before the data can be
acquired.
The functional flow diagram primarily shows the main functions on a "once-
through" operational basis. In actuality, some of the experiments, such as the
atmospheric experiments, insolation experiment, and visual imaging experiment,
are repeated at selected intervals throughout the mission. Thus, for these ex-
periments, the functional flow is repeated each time starting with the "apply
power" function.
The mission profile begins at Surface Laboratory touchdown. Each atmospheric
sensor is programed to perform two data readings within i0 minutes after touch-
down. The TV is programed to take as many images as possible (probably five) for
real-time transmission on the relay link. The TV images consist of four pano-
ramic views and one higher resolution image of the sample site location beneath
the Surface Laboratory. The TV images and the atmospheric data are transmitted
in real time through the relay antenna system to the Spacecraft before RF signal
fade. The landed science subsystem mission continues into the first night dormant,
except for operation of the atmospheric experiments, insolation experiment, and
the SDS.
The insolation experiment measures the solar radiation intensity periodically
throughout the Martian day and night. The detector output is sampled once every
five minutes during the first hour after sunrise and last hour before sunset be-
cause of the greater variation of path length through the atmosphere. The sample
rate is reduced to once every i0 minutes during the second hour after sunrise and
the second hour before sunset. A measurement rate of once every hour during the
rest of the daytime and once every 4 hr during the Martian night completes the inso-
lation measurements.
The visual imaging experiment is used to obtain panoramic views of the Martian
landscape, higher resolution images of areas of interest, and of the Capsule Bus/
Martian surface interface. The preliminary design employs two cameras articulated
for panoramic viewing as well as for selected areas beneath the Surface Laboratory.
A total of 54 images are obtained during the landed mission period. The mission
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profile programs six images to be obtained before the alpha-scattering and
metabolism detectors are deployed, and six more images after deployment. Six
other images at acceptable sun angle locations are obtained about noon of the
first day. Twelve additional images are programed for the first day. Six of
these are transmitted the first day and the other six are stored for transmission
the next morning. Seven images are programed during the second morning, six
images at noon, and six more before the end of the mission to enhance any dis-
tinctive landscape features that were questionable from previous low-resolution
images.
The TV images and atmospheric data that are acquired just after touchdown
are both transmitted in real time and stored for subsequent transmission via the
direct link the next day. If these data are successfully received over the re-
lay link, then a command can be sent the next morning to acquire other data in-
stead of sending these data again.
The gas chromatograph/mass spectrometer instrument performs a total of 14
analyses during the landed mission period. The atmospheric gas is analyzed be-
fore and after sunrise and sunset as well as near noon and midnight.
The alpha-scattering instrument for this concept is deployed to the Martian
surface during the 15th hour and remains at the same location throughout the mis-
sion period. One analysis is conducted that includes a calibration run before
deployment.
The central biological analyzer performs two separate biochemical analyses
from the same soil sample obtained beneath the Surface Laboratory. The soil
sample is processed and the batches are supplied by the SAP.
The metabolism detector instrument and the control instrument are deployed
to the Martian surface during the first day and remain at the same location
throughout the mission period. One analysis is conducted with a specific label
culture. Data measurements are obtained every 15 minutes throughout the mission
after deployment to the Martian surface. Heaters within both enclosures main-
tain the local environment temperature during the night period to encourage
metabolic activity.
The surface soil sample is obtained by deploying a motor-driven scraper to
the surface I0 hr after landing. The scraper is allowed ½ hr to collect a sample
and fill the transport cup. The sample is then dumped into the sample processor,
where it is stored until needed by the processor oven or by the biological
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analyzer. The single soll sample collected is of sufficient quantity to permit
two complete batch analyses by the experiments. Immediately after collecting the
sample, the subsurface gas probe, housed in the sample deployment unit contain-
ing the scraper, is drilled into the Martian surface. Up to ½ hr is allowed for
the drilling operation to penetrate hard rock. The gas probe operation includes
the collection of the subsoil gas sample and the measurement of the subsoil tem-
perature. The subsoil temperature is measured at a time just before the comple-
tion of the gas sample collection period.
The Surface Laboratory communications times for direct transmission and relay
through the Spacecraft are included as indicators for the landed science subsys-
tem accumulated data storage and transmission requirements. Three hourly periods
are included for updating the SDS main sequence. The total landed mission dura-
tion is 48.3 hr, which corresponds with the end of data transmission.
Reprograming Capability - The normal landed science subsystem operational
sequence is stored in the SDS memory before start of the landed mission. The
main program sequence consists of blocks of command sequences and subsequences.
The subsequences contain repetitive patterns of commands that are used more than
once in the main sequence. These subsequences are called up at appropriate times
by the main sequence. An example of a subsequence block is the pattern of con-
trol signals sent to the TV and its pointing and control mechanism during the
acquisition of a visual image.
The blocks in the main sequence are implemented via a list processing tech-
nique. This provides an easy approach to reprograming, either by block substi-
tution or by rearranging the order of the blocks. Five levels of reprograming
have been identified, consistent with this implementation technique. These are
tabulated below, together with an estimate of the time required to accomplish
the reprograming.
Reprograming Level
I. Overall Program Time Offset
2. Rearrangement of Subsequent Blocks
3. Block Substitution Using Blocks Prestored
on Tape
4. Complete Block Substitution by Ground Command
5. Complete Word-by-Word Sequence Reprograming
by Ground Command
Estimated Time at
Uplink Command Rate
of 8.1 bps
0.12 min
0.25 min/block
0.25 min/block
2.5 min/block
1.03 hr
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The actual times required to accomplish the above reprograming approaches will
vary with program sequence size and block size, which in turn are dependent on
the particular mission. The following assumptions were used in generating the
time estimates:
i) 500-word sequencer in SDS
2) A total of 25 main-sequence and subsequence blocks, each containing 20
sequencer words
3) Two uplink command words/sequencer word
4) 30 bits/uplink command word
5) An error-free uplink that does not require retransmission of commands.
The reprograming levels listed cover the various situations that may arise.
For example, if the Capsule Bus lands earlier or later (with respect to the
evening terminator) than had been expected, then it may be desirable to shift
the overall mission with respect to its starting time. This can be easily ac-
complished by commanding an overall program time offset.
The need to rearrange the sequence blocks could arise, for example, if the
available lighting conditions proved different from those expected. This could
require that the times when subsequent TV images are taken be changed relative
to their position in the prestored program.
The use of block substitution by blocks prestored on tape is largely depen-
dent on the ability to predict problems that could occur, and to provide alter-
native block sequence on tape that could circumvent these problems. For example,
suppose that the normal operation of the gas chromatograph/mass spectrometer in-
cludes passing the atmospheric gas samples through both the gas chromatograph
and the mass spectrometer. An alternative block sequence that could be stored
on the tape recorder would be to bypass the gas chromatograph and just pass the
atmospheric gas to the mass spectrometer. This mode could then be used if the
chromatograph column became blocked, preventing the gas from passing through the
column to the mass spectrometer.
Complete block substitution by ground command is a more time-consuming proc-
ess. This might be required if effects occur that have not been anticipated, and
thus provided for by storing alternative operational blocks on tape. For example,
suppose the atmospheric experiment data that are acquired once per hour appear to
show temperature measurement variations that do not occur in the other atmos-
pheric temperature measurements. These variations might be caused by the order
in which the atmospheric sensors are sampled. Thus, reprograming of the sequence
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block for the atmospheric measurements by ground command to change the order in
which the sensors are sampled could be valuable in determining effects on the
temperature measurements.
Substitution of the complete program is a more lengthy process, and would
probably be used only if a malfunction occurred to severely limit the overall
landed science subsystem capability(e.g., inability to deploy experiments).
In such a case, extensive reprograming might be desirable to maximize the use-
ful data return.
Performance Parameters - The important design parameters for the science
instruments and for the SAP and SDS components are summarized in Table 3.4-11.
The weight and volume allocations here do not include structure and deployment
mechanisms unless noted, and the power generally refers to operating power not
including thermal control power.
Weight - The weights of the preferred approach for the landed science sub-
system are displayed in Table 3.4-12. The total weight of 164.6 ib is higher
than the 130 ib listed in the constraints. However, the SDS includes the weight
of a tape recorder unit that was not originally intended for inclusion in the
SDS. The reference design, which was nonredundant (see Functional Redundancy
discussion later in this subsection), had only one TV camera (limiting the site
survey capability) and only one set of atmospheric sensors (limiting sensing
an undisturbed atmosphere) and weighed 137.2 ib, including the tape recorder.
The preferred approach increased the weight 6.2 Ib to improve performance in
TV and 21.2 Ib in the SDS to improve mission success.
Power Consumption - The average power required for normal operation of each
major part of the landed science subsystem has been used to derive the power re-
quired to perform the listed functions as programed in the mission profile. The
power profile and the energy consumption are displayed in Fig. 3.4-30. The
profile begins at Surface Laboratory touchdown and the operational times for
each major part of the landed science subsystem are coincident with the mission
profile.
The atmospheric sensors are programed to a power-on condition immediately
after Surface Laboratory touchdown and atmospheric mast deployment. The average
power requ_ed for the total atmospheric sensors throughout the landed mission
period is 5.1 w.
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Table 3.4-12 Landed Science Subsystem Weight Sun_nary ,
Preferred Design
Weight (I_
Science Instruments (total)
Television
Atmospheric Experiment
Alpha-scatter Spectrometer
Multichannel Radiometer
Gas Chromatograph/Mass Spectrometer
Life Detection
Sample Acquisition and Processing (total)
Atmospheric Gas Collector
Surface Soil Collection
Subsoil Gas Collection
Sample Processor & Distributor
Deployment Mechanism
Science Data Subsystem (total)
Central Data Processor
Analog Data Collection Unit
Digital Data Collection Unit
Recorder Unit
Power Distribution Interface Unit
SDS Power Converter Unit
Landed Science Subsystem (LSS) (total)
LSS Constraint Total (130 Ib + Bulk
Data Storage)
83.4
20.4
5.0
6.0
5.0
17.0
30.0
33.6
0.6
4.8
8.7
5.0
14.5
47.6
21.0
5.2
0.9
13.5
1.0
6.0
164.6
143.5
Reference Design
Weight (Ib)
77.2
14.2
5.0
6.0
5.0
17.0
30.0
33.6
0.6
4.8
8.7
5.0
14.5
26.4
i0.5
4.2
0.9
6.8
1.0
3.0
137.2
136 8
*Total LSS weights do not include an additional 27.6 and 24.6 ib for the preferred
and reference designs, respectively; comprising support structure, mechanisms and
backup instruments.
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The radiometer consumes 8 w during continuous operation, which occurs 2 hr
after sunrise and 2 hr before sunset of each day after Surface Laboratory land-
ing. The other periods of the daytime require only a single reading each hour,
and the power averaged over any hourly period is 1.25 w. The radiometer is pro-
gramed for a single reading once every 4 hr during the nighttime, which requires
an average power over any hourly period of 0.4 w.
The television camera system consumes an average of 21 w during normal opera-
tion. The normal operation includes the necessary movement of the camera unit to
acquire the panoramic views and the sample site locations beneath the Surface
Laboratory. The power consumed during all of the programed image-taking periods
lasts for 30 minutes, except for the period immediately after Surface Laboratory
touchdown.
The gas chromatograph/mass spectrometer instrument performs a total of 14
analyses, each lasting ½ hr, and consumes an average of 14 w during each ½-hr
operation.
The metabolism detector instrument consumes an average of 5 w during opera-
tion. It operates continuously after deployment until the end of the mission.
The biological analyzer unit is programed for two analyses of i hr each.
The instrument consumes 5 w during the programed operational periods.
The alpha-scattering instrument consumes 2 w during the programed analysis.
The instrument is not turned off during the short period between the calibration
run and the deployment of the instrument to the Martian surface. The instrument
remains in operation continuously after turn-on until the 36th hour.
The atmospheric gas collector consumes 20 w for the valve-opening operation,
which lasts less than i0 sec. The subsoil gas collection system employs a drill
operation to penetrate into the soil. The drill operation can consume as much
as 230 w during drill operations into hard rock up to a maximum period of 30
minutes. Each subsoil gas transport requires up to 15 minutes and consumes i0
w during operation.
The soil-sample processing and distribution operations occur as outlined
on the mission profile. The average power consumed for this operation is i0 w.
The SDS (except for the tape recorders) remains in full operation contin-
uously throughout the landed mission period. The tape recorders operate con-
tinuously during the day, but are turned off during much of the night when data
collection rates are low. The SDS consumes 54 w of power, including the tape
recorders.
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The total accumulated energy amounts to approximately 3340 wh; the average
power is 69 w over the landed 48.3-hr mission.
Data Return - The nominal data profile for the preferred design concept is
shown in Fig. 3.4-31, which represents the magnitudes of the accumulated data
(reduced and formatted) stored in the SDS at any given time throughout the mis-
sion.
The mission program for data acquisition immediately after touchdown includes
two data readings from each of the atmospheric sensors and five TV images. The
TV images produce a total of 1.25 x 106 bits of data. Initial after-touchdown
data are transmitted to the Spacecraft via the relay link at a rate of 3584 bps.
These data are also recorded in the SDS bulk data-storage unit, and are trans-
mitted via the direct RF link in the event the data were not properly transmitted
during the first Spacecraft relay period. A reprograming ground command would
be initiated to take additional TV images to replace the initial after-touchdown
images.
The period during the first night consists of recording the atmospheric
sensor data and radiometer data, which increases the total accumulated, stored
data to 13.5 x 105 bits. The surface soil-sample collector performs its first
required functions during this period. After sunrise of the first full day, the
metabolism detector, gas chromatograph/mass spectrometer, television camera sys-
tem, alpha-scattering instrument, and the biological analyzer are activiated.
The accumulated data by the 16th hour is 30 x 105 bits. However, the communica-
tions sybsystem, which began direct transmission at the 14.28th hour with the
high-gain antenna, transmits data continuously at 224 bps until the 23.84th hour.
Twenty-nine TV images have been acquired by the 22nd hour. A total of 7.7 x 106
bits (including telemetry engineering data) have been transmitted during this
transmission period. The accumulated data storage is effectively depleted by
the end of the transmission period.
The second relay opportunity occurs from 26.46 to 26.73 hr. Data to be
acquired during this phase can be programed by ground command.
Data accumulation builds up during the second night and day periods. Direct
communication is achieved at the 38.9th hour and continues until the 48.27th
hour. An additional 25 TV images, as well as science data, are transmitted at
224 bps, which permits the transmission of an additional 7.55 x 106 bits (in-
cluding telemetry engineering data.
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Landed Science Subsystem External Interfaces - The landed science subsystem
has external interfaces with the command decoder, sequencer/timer, telemetry
subsystem, mechanical devices subsystem, thermal control subsystem, pyrotechnics
subsystems, power subsystem, structure subsystem, and external environments in-
cluding view factor of such environments as the Martian surface, Martian atmos-
phere, and solar radiation by the science instruments. The characteristics of
each interface with other Surface Laboratory subsystems are summarized in Table
3.4-13. The interfaces with the external Martian environments are indicated in
Table 3.4-14.
The interfaces with the structure subsystem are for mounting of each instru-
ment or component in the stowed configuration. The characteristics that pri-
marily affect this interface are the size, weight, and location of each unit.
In general, the details of the mounting interfaces are not yet defined for all
units.
The interfaces with the thermal control subsystem are for thermal protection
of those units that require thermal control, and do not include it in the par-
ticular design. The most important characteristic of this interface is the ac-
ceptable temperature range during operation, which is listed in Table 3.4-13.
The mechanical devices subsystem provides deployment for all units that re-
quire it to carryout their operational functions. This includes the tele-
vision cameras, the atmospheric experiment sensors, the alpha-scattering spec-
trometer, and the metabolism detectors. Deployment of the surface soil and
subsoil gas sample collectors is included in the SAP.
The sequencer/timer provides timing and control signals to the central data
processor for such functions as startup, relay link available, direct link
available, and day-night information.
The primary command decoder interface is with the central data processor
for commands to reprogram the operational sequence. However, the command de-
coder also has an interface with each science instrument and each component of
the SAP to provide control signals by ground command in case of a failure in
the SDS. Also, the power lines in the power distribution interface unit can be
switched by ground command.
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Characteristics of Landed Science Subsys
Other SlL
system
Television
Camera I
Camera 2
Electronics
Atmospheric
Experiments
Deployed Sensors
Electronics
Alpha-Scattering
Spectrometer
Gas Chromatograph/
Mass Spectrometer
(_/MS)
Multichannel
Radiometer
Biological Analyzer 15x15x8
Metabolism Detectors
Deployed Units 3 dia by
Electronics ll long
(Each)
Structure Subsystem
Size Weight
(in.) (lb) Location
3 dia by 7.0 Antenna Mast
14 long
3 dia by 16.1 Side of C/B
14 long
7.3 Inside S/L
5.2 On Masts
3x3x4 3.0 Inside S/L
6x4-1/2x 6.0 In Deployed
8 Unit with
Metabolism
Detectors
6x7xll 17 Inside S/L
7 dia x 5 On Top of
4.5 S/L
long (FOV - +90 °
±73 ° Elev
360 ° Azi)
20 Inside S/L
10
Atmospheric Gas 4 dia by 0.6
Collector 4 high
Subsoil Gas & 3 dia by 28
Subsurface Temper- 80
ature Unit long
Sample Processor & 3 dis by 5
Distributor 8 long
Surface Soil Collec- (Included Includ-
tion & Transport Above with ed Above
Unit Subsoil with
Gas & Subsoil
Subsurface Gas &
Tempera- Subsur-
ture Unit) face
Temper-
ature
Unit)
Central Processor 1288 in. 3 21
Unit
Analog Data Collec- 125 in.3 5.2
tion Unit
Digital Data Collec- 64 in.3 0.9
tion Unit
Tape Control & Re- 144 in.3 13.5
corder Unit
Power Distribution 75 in. 3 1.0
Interface Unit
(PDIU)
SDS Power Converter
Unit
In Deployed
Unit
Inside S/L
On Top of S/l
Above GC/MS
Near One
Corner of
S/L.
On S/L Above
GC/MS & Biol,
Anal.
Mounted with
Subsoil Gas
& Subsurface
Temp. Unit
Inside S/L
Inside S/L
Inside S/L
Inside S/L
Inside S/L
225 in. 3 6 Inside S/L
Thermal Control
Subsystem
Operating Temperature
Range (°F)
60 to 105
60 to 105
15 to 145
No Interface
15 to 145
0 to 125
15 to 145
Sensor - Mars
Atmospheric
Temperature
Electronics -
15 to 145
85±1
Martian Sur-
face Temper-
ature
15 to 145
No Interface
-225 to 260
-225 to 260
-225 to 260
15 to 145
15 to 145
15 to 145
15 to 145
15 to 145
15 to 145
motors
Motors
Motors
Mechanical
Devices Subsystem
Gimbaling & Pointing:
FOV - ±I00 ° Azimuth
-90 ° ± 125 ° Elev
FOV - ±190 ° Azimuth
-90 ° to 35 ° Elev
Deploy Sensors at Least
5 Feet above and to One
Side of the S/L.
Deployed to Martian Sur-
face.
Must Rest Evenly on Sur-
face.
No Interface
No Interface
No Interface
Deployed to Martian Sur-
face.
Must Make firm Contact
with Surface.
No Interface
No Interface
No Interface
No Interface
No Interface
No Interface
No Interface
No Interface
No Interface
No Interface
Sequencer/
Timer
No Interfac
No Interfac
No Interfac
No Interfac
No Interfac
NO Interfac
No Interfac
No Interfac
No Interfa¢
No Interfa¢
No Interfa{
Control In.
structlons
Timing to
No Interfa,
No Interfa
No Interfa
No Interfa
No Interfa
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Command Decoder
Discrete Commands for
Backup Control
Discrete Conmmnds for
Backup Control
Discrete Commands for
Backup Control
Discrete Commands for
Backup Control
Discrete Commands for
Backup Control
Discrete Commands for
Backup Control
Discrete Commends for
Backup Control
Discrete Co_snands for
Backup Control
Discrete Commands for
up Control
Discrete Commands for
Backup Control
Discrete Commands for
Backup Control
Discrete & Serial
Commands,
Serial Commands Are
16 Bits/Command
Reprograming &
Mode Changes
Discrete Commands for
Backup Control
No Interface
iscrete Commands for
Backup Control
screte Commands for
_up Control
_i_te Commeedsfor
up Control
Telemetry
Subsystem
NO Interface
No Interface
No Interface
No Interface
No Interface
NO Interface
No Interface
No Interface
No Interface
No Interface
No Interface
Sync Format-
ted Sel Data
at Three
Rates. Con-
trol Signals
for Telem-
etry Data
Readout dur-
ing Science
Data Gaps
Housekeep-
ing Data
Housekeep-
ing Data
Housekeep-
ing Data
Housekeep-
ing Data
Housekeep-
ing Data
Housekeep-
ing Data
Power Subsystem
Prime Power +28 vdc
Prime Power +28 vdc
Prime Power +28 vdc
Prime Power +28 vdc
Prime Power +28 vdc
Prime Power +28 vdc
Prime Power +28 vdc
Prime Power +28 vdc
Prime Power +28 vdc
Prime Power +28 vdc
Prime Power +28 vdc
No Interface
No Interface
No Interface
No Interface
Prime Power +28 vdc
PDIU Supplies Con-
trol Sig to Switch
Power to SAP & Sci
Instruments.
Prime Power +28 vdc
Pyrotechnic
Subsystem
No Interface
No Interface
No Interface
No Interface
No Interface
No Interface
Six Sealed
Squibs
(Dimple Motor
Type) - 3 in
Each Detector
No Interface
One squib ac-
tuator in
Drill Probe
Tip
No Interface
No Interface
No Interface
No Interface
No Interface
No Interface
No Interface
No Interface
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Summary of Landed Science Subsystem External Interfaces with
Martian Environments
From To Characteristics
Diffusion of Atmospheric GasMartian Atmosphere
Martian Surface
Martian Surface
Martian Atmosphere
Atmospheric Gas
Collector
Subsoil Gas & Sub-
surface Temperature
Unit
Surface Soil Collec-
tion & Transport
Unit
Atmospheric Ex-
periments
Drilling & Implanting Sub-
surface Probe
Collection & Transport of
Soil Sample
Atmospheric Temperature,
Pressure, Humidity, &
Wind Velocity
Martian Surface
Martian Surface
Solar Radiation
Solar Radiation
Alpha- Scattering
Spec trome ter
Metabolism
Detectors
Television
DC Radiometer
Surface Composition
Presence of Micro-
Organisms
Visual Image
Solar Insolation
The landed science subsystem has several interfaces with the telemetry sub-
system. The most important one is to provide data for transmission for the di-
rect link (at either 224 or 448 bps) and for the relay link (at 3.584 kbps).
Another one is to make available key engineering data on the Martian environment
including such parameters as atmospheric temperature, atmospheric pressure, wind
speed, and Surface Laboratory inclination. These data are acquired by engineering
sensors and are routed both through the SDS and directly to the telemetry to en-
sure their transmission in case of failure in either the telemetry or SDS. SDS
housekeeping data are also routed directly to the telemetry subsystem to provide
diagnostic capability in case of SDS failure.
The power subsystem provides prime power at (nominally) +28 vdc to all of
the science instruments, all SAP components, and to the SDS power converter unit
and power distribution interface unit. In addition, the power distribution in-
terface unit provides control signals to the power subsystem for switching power
to science instruments and SAP components.
Only two of the units in the landed science subsystem have an interface with
the pyrotechnic subsystem. These are the metabolism detectors, which use a
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sealed squib device in each detector to release the culture medium onto the
Martian surface, and the subsoil gas and subsurface temperature unit, which uses
a squib-actuated device to open the probe tip to enable diffusion of subsoil gas.
The external environments interface with the SAP for atmospheric gas collec-
tion, surface soil collection, and surface drilling and subsoil gas collection,
and with the science instruments that measure some aspect of the external envi-
ronment directly. These interfaces really constitute part of the basic require-
ments for the SAP and these instruments, and are included here because of their
effects on the Surface Laboratory and Capsule Bus designs.
Functional Redundancx - A failure modes, effects, and criticality analysis
(FMECA) was performed on a single thread (nonredundant) design to determine areas
where redundancy was needed. The analysis was then repeated to show the improve-
ment gained by the redundancy.
The depth of the FMECA* has been to the subassembly level, and in minor
cases to the part level. The first analysis was on the information contained in
the reference concept and, based on this analysis, design changes were recom-
mended to improve the reliability of the landed science subsystem.
An important assumption in the analysis was that for "failure occurrence,"
only the failure in question was considered to occur (combinations of two or
more failures were beyond the scope of the analysis).
For criticality purposes, all failures were assumed to occur after Mars
landing and the completion of the first ON cycle for a given device.
The following failure classes were used:
I) Class I - The loss of 100% of all landed science data
2) Class II - The loss of less than 100% and more than 50% of the landed
science data
3) Class III - The loss of less than 50% and more than 10% of the landed
science data
4) Class IV - The loss of 10% or less of the landed science data. Each
instrument was assigned equal weight in assessing loss of science data.
Redundancy Candidates - Where Class I failures were indicated, techniques
were recommended in the preferred order of selection:
*Failure Modes_ Effects_ and Criticality Analysis of the Landed Science
Subsystem. Bendix Aerospace Systems Division, August 1967.
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I) Alternative path or functional redundancy
2) Cooperative multichannel redundancy
3) Block or elements redundancy with failure detection and switching capa-
bility.
Conclusions and Recommendations - During the design perturbation that fol-
lowed the reference concept, each designer reviewed the design to minimize the
effects of a potential failure. This was done by selecting redundancy in areas
where:
i) It would eliminate or reduce Class I (loss of all science and engineer-
ing data) failures
2) Upgrading a loss of data failure to a useful degraded mode data. An
example of this is the addition of a bypass channel around the gas
chromatograph should this instrument clog. This enables the mass spec-
trometer to make a similar analysis at little expense in weight and
complexity
3) Good measurement techniques dictate that data should be obtained from
more than one source. Redundancy in some cases, therefore, was selected
to enhance both reliability and the quality of the data.
The redundancy that resulted from this analysis is described below. The FMECA
on the reference and preferred deisgn are shown in the following tabulation.
FMECA on Reference Design FMECA on Preferred Design
LSS Failure Class LSS Failure Class
Unit I II III IV Total Unit I II III IV Total
SDS 27 4 6 4 41 SDS 0 0 0 6 6
SAP 34 19 53 SAP 0 0 14 34 48
Sl 16 42 58 Sl 0 0 0 74 74
Totals 27 4 56 65 152
Functional Redundancy of Preferred Design - The redundancy recommended by
the FMECA as well as making use of alternative path or cooperative multichannel
design required to perform the basic function has been incorporated as shown in
Fig. 3.4-32 and as described below. This redundancy has improved performance
by increasing the number of degraded modes for completing the mission at a cost
of an additional 21.2 Ib in weight.
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Science Instruments - Science instruments are discussed in the following para-
graphs.
Television - Two camera heads are used, one primarily for panoramic viewing
and the second for site survey. The cameras have been located so that each cam-
era can partially fulfill both viewing functions.
Multichannel Radiometer Each channel is viewed with a separate detector
and a loss of a detector will only reduce spectral resolution.
Gas Chromatograph/Mass Spectrometer - The gas chromatograph/mass spectrometer
are independent instruments for gas analysis. A duct bypassing the gas chromato-
graph has been added to permit gas analysis by the mass spectrometer in case of
a failure in the gas chromatograph.
Biological Analyzer - The sample wheel has 24 chambers for evaluation of two
redundant soil samples and a control sample. Each soil sample is divided into
four chambers -- two redundant chambers for UV spectrometry, and two redundant
chambers for optical rotation. The UV spectrometer and the optical rotation
detector are independent detectors so that failure of one detector does not de-
grade the performance of the other detector.
Alpha-Scattering Spectrometer - Multiple alpha detectors (2), proton detec-
tors (4), and X-ray proportional counters (2) have been used, which allows a de-
graded mode of operation in the event of partial failures. The degrade mode re-
quires longer counting times or less accuracy in the counting statistics depend-
ing on the combination of working elements.
Atmospheric Measurements - Failure to deploy the sensor probe or failure in an
individual sensor will not abort a measurement. A backup to the measurement of at-
mospheric pressure, temperature, and windspeed is provided by engineering measure-
ments in the Surface Laboratory System.
Sample Acquisition and Processor -Two drive motors are operated in parallel
to deploy the surface soil collector and subsurface gas collectors to the surface.
If failure of the surface soil collector occurs, the drill chips from the subsur-
face gas probe are dumped into the elevator transport unit.
No redundancy has been added to the soil processor, but to assure a sample
to the pyrolysis oven the soil distribution valve is started in an open position
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to pass an unmetered sample to the pyrolysis oven in the event of a distribution
valve failure. To back up the subsurface gas pump, the bypass valve in the gas
chromatograph/mass spectrometer can be activated to draw the subsurface gas in-
to the mass spectrometer using the mass spectrometer pump.
Science Data Subsystem - The following paragraphs discuss the SDS.
Analog Multiplexer and A/D Converter - Redundant inputs to the analog multi-
plexer are provided for high-priority data. Four A/D converters are used for
the nominal operation allowing degraded modes for data conversion.
Central Data Processor - The memory and logic units have each been divided
into two units to provide cooperative redundancy.
Tape Recorder The tape recorder's function is basic to the SDS mode of
operation for record while read during direct data transmission, bulk data stor-
age, and alternative sequencer program storage. The record-while-read function
requires two tape recorders. One to record data while the other is being read
out. To improve reliability, both tape recorders store the alternative se-
quence programs and both record data in parallel during periods of no data trans-
mission.
SDS Power Converter Unit - Block redundancy is used in the power converter
unit since this represents a single-point failure to the SLS.
Degraded Modes of Operation - Table 3.4-15 lists the degraded modes for re-
trieving the science data through the redundant paths. As shown, each observa-
tion has at least one backup path for obtaining science data.
The predicted reliability for the Landed Science Subsystem is 0.8048 (mean)
with an upper bound of 0.8642 and a lower bound of 0.7429. The allocated relia-
bility is 0.804.
3.4.3 Alternative Landed Science Subsystem Concepts
The trade studies* on the landed science subsystem followed the evolutionary
pattern shown in Fig. 3.4-33. Initially, tradeoffs (first level) were carried
out on alternative instruments for performing each of the scientific experiments
and alternative implementation approaches for the SAP and SDS. (The results of
these studies are summarized in para 3.4.4 herein.) All of these trade studies
resulted in the selection of a preferred approach for each instrument, the SAP,
and the SDS. However, in some cases more than one approach appeared valid, and
the basis for selection required a further analysis at the landed science subsys-
tem level.
*"Selection of Preferred Approach - Landed Science Subsystem." ED-22-6-I12.
Bendix Aerospace Systems Division, Report BSR 2135, July i0, 1967.
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Table 3.4-15 Degraded Modes of Operation
Science Data
Return
Visual Imaging
Atmospheric
Measurements
Analysis of
Volatiles from
Surface Sample
Atmospheric
Composition
Solar/UV Flux
Incident on Mars
Surface
Elemental
Composition
of Surface
Specific Life
Detection
Normal Mode
of Operation
Panoramic scan with
Camera 1
Site Survey with
Camera 2
Measurements to Wind-
ward or Cross-Wind of
Surface Laboratory
System
Differential Thermal
Pyrolysis of Two Soil
Samples into a Tandem
Gas Chromatograph/
Mass Spectrometer
Tandem Gas Chromato-
graph/Mass Spectrom-
eter Analysis over
Diurnal Cycle
Multichannel
Radiometer
Alpha-Scatter &
X-Ray Fluorescence
Spectrometer
Metabolism Using Four
Culture Media Samples
in Control & Sample
Detectors
Biochemical Analyzer
on Two Soil Samples
& One Control with
UV Spectroscopy &
Optical Rotation
Degraded Mode
of Operation
30% Panoramic Coverage with
Camera 2
10% Site Survey with Camera I
Measurements with One Detector
Engineering Measurements of
Pressure, Temperature, & Wind-
speed
Differential Thermal Pyrolysis
of One Soil Sample
Differential Thermal Pyrolysis
of Drill Chips
Chromatographic Analysis Only
Mass Spectrometer Analysis Only
Gas Chromatograph Analysis
Mass Spectrometer Analysis
Partial Diurnal Coverage
Partial Spectral Resolution of
Incident Flux
Low Z Composition Only
High Z Composition Only
Degraded Accuracy due to
Partial Loss of Sources or Sensors
Metabolism in Sample Detector
with No Control
UV Spectroscopy Only
Optical Rotation Only
Dual Analysis of One Soil Sample
Only
One Analysis of One Soil Sample
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The next step was to combine alternatives from each of the first-level trade
studies into three alternative design concepts for the landed science subsystem.
Obviously, with the number of alternatives available from the first-level trade
studies, a very large number of alternative landed science subsystem designs
were possible. For example, if two alternate instruments, with comparable
weight, size, power, and data rate, are available to perform an experiment,
the question of which instrument to use would not significantly affect the
landed science subsystem designs. Thus, these types of alternatives were not
included in the selection process.
The three landed science subsystem design concepts were then compared against
the weight, energy required, potential for reliability, and performance (in
terms of science data return) criteria. Based on this comparison, the approach
to the preferred landed science subsystem design was to select the design con-
cept that best met the criteria, and to modify it to include superior features
of the other design concepts.
Description of Alternative Landed Science Subsystem Design Concepts - Three
landed science subsystem design concepts were chosen for the (second level)
trade studies, denoted as Design Concepts i, 2, and 3. The alternatives for
the science instruments, SDS, and SAP are listed in Table 3.4-16 and the block
diagrams for these alternatives are shown in Fig. 3.4-34 thru 3.4-36. Design
Concept I was called the reference configuration and basically consisted of the
preferred approach for each of the instruments, the SAP, and the SDS. This con-
figuration met all of the basic performance requirements, but generally did not
incorporate much redundancy for reliability enhancement or additional perform-
ance capability. Design Concept 2 was called the maximum configuration, and
included more redundancy and more performance capability than the reference
configuration. In general, alternatives from the first-level trade studies
that provided added reliability or performance (at the expense of added weight
and power) were included in the maximum configuration. No attempt was made to
keep the maximum configuration within weight or power constraints to determine
potential uses of weight margin that may be allocated to the Surface Laboratory
System. Design Concept 3 was called the minimum configuration, and afforded
somewhat less performance capability than the reference configuration. Alter-
natives from the first-level trade studies that provided design simplicity (at
a sacrifice in performance) were included in the minimum configuration.
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Table 3.4-16 Landed Science Subsystem Alternative Concepts
LSS Components Concept I Concept 2 Concept 3
Instruments
Visual
Imaging
Atmospheric
Measurements
Alpha-
Scatter
Spectrometer
Insolation
Gas
Chromato-
graph
Specific
Life
Detector
SDS
Data
Processor
Tape
Recorder
SAP
Surface
Soil
Collector
Extended
Soil
Collector
Subsoil
Gas
Collector
Dust
Collector
Processor
1TV articulated for
panoramic & site
survey
1 set of sensors
mounted on short
boom (i0 ft)
n-scatter instru-
ment deployed
DC radiometer omni-
directional
GC/MS for surface
soil pyrolysis &
atmospheric gas
Bioanalyzer with 2
biochemical expo-
nents & deployed
metabolism detector
Central data proces-
sor, computer ori-
ented
Single tape recorder
Performed as part
of drilling opera-
tion for subsurface
gas probe
None
Drill probe,
motor driven
None
Pyrolysis oven,
grinding &
distribution
2 TV, 1 for panoram-
ic and I for survey
1 set of sensors
mounted on long
boom (30 ft)
a-scatter with
sample holder &
samples from SAP
Directional ac
radiometer tracked
to sun
GC/MS for pyrolysis
atmospheric gas, &
gaseous products
from bioanalyzer
Bioanalyzer with 3
exponents (2 bio-
chemical & I culture)
GC/MS as a detector
Redundant central
data processor,
computer oriented
Redundant tape re-
corder
Separate surface
soil collector &
subsurface soil in
soft material
35-ft extended sam-
ple collection
Drill probe,
motor driven
Atmospheric dust
sampler
Pyrolysis oven,
grinding &
distribution
I TV panoramic view-
ing only
1 set of sensors
mounted on short
boom (i0 ft)
-scatter instru-
ment deployed
DC radiometer omni-
directional
GC with built-in
pyrolysis oven
Bioanalyzer only
Distributed data
processing, central
data sequencer
Single tape recorder
"Clam-shell"
collector on a tri-
angulated pantograph
None
Percussively driven
penetrometer
None
Distribution only
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Comparison of Alternative Concepts - The three design concepts were compared
for minimum weight, minimum energy requirements, maximum potential for reliabil-
ity, and maximum performance in terms of science data return. A summary of the
results of this comparison on a subsystem basis is shown in Table 3.4-17. Com-
parisons of some of the key elements of the landed science subsystem were derived
as follows. The centralized computer oriented SDS was 7.8 ib heavier than the
distributed data processor. However, adding the data processing functions to the
instruments and control to the SAP increased these units 36 lb. The second TV
camera was a 6th penalty compared to an articulated single TV for both panoramic
and site survey viewing. The additional mechanical devices required to articu-
late the single TV was 3.5 lb. The weight of the atmospheric instruments was
the same for the short and long boom concepts, but the additional weight to the
mechanical devices subsystem was 4 ib for the long boom. (Neither concept was
used for the preferred design, but the need to position the sensors in an unper-
turbed space away from the Surface Laboratory System forced an additional study
that arrived at the concept described earlier in the preliminary design.
Transporting the soil samples to the alpha-scatter spectrometer increased the
spectrometer weight 5 ib and required an SAP with a larger sample acquisition and
distribution capability. This SAP weighed 25 ib more than the one where no
samples were provided to the alpha-scatter spectrometer. Thus, the total penalty
for this concept was 30 ib compared to 2 ib for deploying the instrument.
Using the gas chromatograph/mass spectrometer to analyze the constituents of
the biological analyzer required 3 ib of additional plumbing. The impact of this
operation to the computer-oriented SDS was neglible but increased the data output
by approximately 40 kbits per analysis.
Pointing the radiometer to track the sun required 5 lb. An extended sample
capability to obtain surface samples to a distance of 35 ft required an addition-
al 12 lb. An atmospheric dust sample collector added 2.4 lb.
Selection of Landed Science Subsystem Preferred Design Approach - The refer-
ence design concept is best (see Table 3.4-17) in terms of minimum weight and
energy requirements, and meets the basic performance requirements. However, its
potential for reliability is marginal and the single TV requires a complicated
mount.
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Thus, the approach to the preferred design has been to use the reference
configuration with certain modifications. These key changes were:
i) Use of 2 TV cameras instead of one
2) Addition of redundancy in the SDS power converter, central data process-
or, and tape control and recorder unit.
These changes result in reliability and performance improvement of the preferred
design approach over the reference configuration used in the study.
3.4,4 Subsystem Analysis and Trade Studies
Trade studies were performed to select the science instruments for each of
the experiments, and implementation approaches for the SAP and SDS for the pre-
ferred approach to the landed science subsystem design. This discussion briefly
summarizes the results of each of these studies. The following reports contain
a more detailed description of the studies conducted and their results.
i) Selection of Visual Imaging Instruments, Landed Science Subsystem,
ED-22-6-105B, BSR 2093, June 1967
2) Selection of Instruments for Atmospheric Measurements, ED-22-6-I06,
BSR 2094, May 29, 1967
3) Selection of Instruments for Atmospheric Composition and Surface
Composition Measurements - Landed Science Subsystem, ED-22-6-I07,
BSR 2098, May 1967
4) Selection of Instruments for Solar Insolation Measurements - Landed
Science Subsystem_ ED-22-6-I08, BSR 2095, May 31, 1967
5) Selection of Instruments for Life Detection Experiments - Landed
Science Subsystem, ED-22-6-I09, BSR 2112, June 1967
6) Selection of Approach to DAS Design for Voyager Landed Science
Subsystem, ED-22-6-II0, BSR 2097, June 2, 1967
7) Sample Acquisition and Processing System - Landed Science Subsystem,
ED-22-6-III, BSR 2089, May 30, 1967.
Selection of Surface Imaging Instrument - For the visual imaging instrument,
alternative implementation techniques were considered for the basic sensor, pano-
ramic scan capability, stereo images, and resolution capability. Pertinent char-
acteristics of the alternatives are presented in Tables 3.4-18 thru 3.4-21.
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Table 3.4-18 Sensor Characteristics
Image Dielectric
Storage Intensified Facsimile Drum
Vidicon Vidicon Tubes Device Camera
Size (cu in.) 8 i0 I0 to 150 12 ?
Weight (Ib) 0.5 0.7 0.7 to 1.4 1.2 ?
Wide Angle
Capabilities
Weight (ib)
Volume (cu in.)
Power (w)(avg)
Table 3.4-19 Scan Capability
Pointable
Mirror
Limited to
about 30 deg
Field of View
16
1500
lO
Facsimile
Device
180 deg
7.5
200
5
Pointable
Camera
Limited to Just
Over I00 deg Field
of View
10.5
45O
17
Table 3.4-20
Weight (ib)
Volume (cu in.)
Power (w)(avg)
Stereo Capability
One Two
Camera Cameras
13 15
450 550
17 21
Line Separation at
Limiting Resolution
at 3 m (mm)
Field of View at
Ultimate Resolution
(deg)
Widest Field of
View Possible (deg)
Weight (lb)
Table 3.4-21 Resolution Capability
200 x 200 Elements/Picture
Electronic Zoom Zoom Lens
25-mm 40-mm
lens lens
2.33 1.47
6.25 4.0
25.5 16.0
0.5
12.5 to 250 mm
0.94
2.6
50.0
4-5
Fixed
Focus
Lens
100 mm 5 mm
2.38 35.7
6.4 97
6.4 97
Facsimile
Device
7.30
N/A
180
N/A
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The storage vidicon image tube was chosen because it is most compatible with
constraints and requirements. The facsimile device should be considered if ster-
ilizability can be demonstrated. It is also recommended that the dielectric drum
camera be considered in depth because of its highly desirable feature of picture
storage. The state of development for the dielectric drum camera does not appear
to be very advanced at this time, and, therefore, _his camera is not considered in
the design. A pointable camera was selected because it is fully compatible with
constraints. A camera with a pointable mirror can probably be made to conform to
weight constraints, but because of its low panoramic scan capability, it has not
been considered for the design configuration. Fixed-focus lenses were selected
because they came closest to satisfying the constraints. A 4 to I electronic
zoom is also incorporated in the design because of the increased flexibility it
imparts to the system. The zoom lens and facsimile device fell short in one or
more aspects of the science objectives for the mission. Although sterilization
of a storage Vidicon has not been demonstrated, there appear to be no major prob-
lems.
Selection of Instruments for Atmospheric Measurements - The atmospheric meas-
urements performed by the landed science subsystem are atmospheric temperature,
atmospheric pressure, humidity, and wind velocity. At least three different sen-
sor techniques were evaluated for performing each of these measurements. Table
3.4-22 lists the alternative sensors that were considered for each measurement.
Platinum resistance thermometers were selected for the atmospheric tempera-
ture measurement because:
I) They can respond over a very wide temperature range, have adequate accu-
racy, and a (nearly) linear output
2) They are being developed for spaceflight applications and appear to be
capable of meeting all of the key mission constraints
3) They may require some redesign to reduce radiative heating effects, but
this should be easily accomplished within the schedule.
Fixed-diaphragm pressure transducers with a capacitive output were selected
for the atmospheric pressure measurement because:
i) Their range and accuracy meet the measurement requirements
2) Their inherent reliability is good and their weight is acceptable
3) The probability of their successful sterilization is good, based on JPL
work on another type of diaphragm transducer.
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Table 3.4-22 Alternative Instruments Considered For
Atmospheric Measurements
Instrument Function
Measure Atmospheric
Temperature
Measure Atmospheric
Pressure
Measure Atmospheric
Humidity
Measure Windspeed
& Direction
A
Platinum
Resistance
Thermometer
Diaphragm
Sensor with
Capacitive
Pickoff
Diaphragm
Sensor with
LVDT Pickoff
Diaphragm
Sensor with
Variable
Reluctance
Pickoff
Aluminum Oxide
Sensor
Sonic
Anemometer
Instrument Alternative
Thermistor
Hypsometer
Dew Point
Hygrometer
Hot Wire
Anemometer
C
Thermocouple
Vibrating
Diaphragm
Sensor
Phosphorus
Pentoxide
Electrolytic
Hygrometer
Drag Body
MARTIN MARIETTA _ORPORATION
DENVER DIVISION
3.4-102 FR-22-I03 Vol III Sect I
The humidity detector selected was the aluminum oxide sensor.
i)
2)
3)
4)
It has:
Potentially sufficient range and accuracy
Minimum size and weight, and is an inherently simple device
Reasonably advanced development status, having flown on balloons and
rocketsondes
The best chance of meeting sterilization of any of the three types con-
sidered.
The sonic anemometer was selected for the wind velocity measurement for the
following reasons:
i) It measures wind velocity directly and not some other quantity such as
mass flow or drag force, which is density-dependent
2) Its weight is slightly higher than either of the alternative techniques,
but can be accommodated within the weight constraint
3) Its reliability and sterilizability appear comparable to either of the
alternative techniques
4) It provides an added bonus (from the scientific point of view) of meas-
uring the velocity of sound in the Martian atmosphere.
Selection of Instruments for Surface Composition Measurements - Three differ-
ent instrument concepts were considered for performing the surface composition
experiment. These were:
I) Alpha-scattering spectrometer
2) X-ray fluorescence spectrometer
3) Neutron-gamma spectrometer.
Important characteristics of these three instruments as used in the evaluation
are listed in Table 3.4-23.
The three alternative instruments were compared for their ability to meet the
performance requirements within the mission constraints. The neutron-gamma spec-
trometer is eliminated because it cannot meet the weight constraint. Between the
other two instruments, the alpha-scattering spectrometer is selected as the pre-
ferred approach, primarily because of its more advanced development. However,
the design of the alpha-scattering spectrometer is modified to include propor-
tional counters that will provide both the fluorescent X-ray and the alpha-
particle and proton analyses in a single instrument.
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Table 3.4-24
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Summary Matrix of Alternative Instruments
for Gas Analysis
Gas Chromatograph
Dual
GSC/GLC _ Columns
Mass Spectrometer
Magnetic
Time of Flight
Bennett Tube
Quadrupole
Legend: S - Single Instrument
C - Combined Instrument
S
C
C
C
C
S
C
C
C
C
Selection of Instruments for Atmospheric Composition and Soil Organlc Compo-
sition Measurements - Three alternative approaches to the gas analysis instru-
ment have been considered. The first involves using a pair of gas chromato-
graphs, one with gas-solid columns for the permanent gases and the other with
gas-liquid columns for the organic separation. The second approach considered
was using a mass spectrometer to carry out the analysis. The third approach was
a combined gas chromatograph/mass spectrometer. Consideration was given to both
dual chromatographs and to the use of microcolumns. Four basic types of mass
spectrometers were evaluated: the magnetic, the time of flight, the Bennet-
tube (RF), and the quadrupole. The various combinations considered are summa-
rized in Table 3.4-24.
Each of the instruments considered was evaluated for its ability to meet the
measurement range and accuracy required within the mission constraints of weight,
power, reliability, sterilizability, shock and vibration environments, and oper-
ating environments on the Martian surface. Based on this evaluation, the com-
bined instrument using a dual input system and a magnetic sector mass spectro-
meter has been chosen. The primary reasons are:
I) Its superior capability for returning meaningful information, particu-
larly relative to the soil organic analysis
2) Although its development status is somewhat less advanced than the alter-
native systems (a single instrument), the probability of achieving a re-
liable instrument in time for the 1973 Voyager currently seems good
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3) A magnetic sector mass spectrometer is currently preferred to a quad-
rupole instrument because of its better resolution. If a stringent mag-
netic cleanliness requirement were imposed on the Surface Laboratory
then a quadrupole would be used
4) Microcolumns are preferred to the more usual variety to reduce the car-
rier gas weight requirement. A solid-phase packed column is preferred
to a liquid phase (silicone rubber) column to separate the pyrolysis
products because of the danger of releasing organic vapors from the
column coating if the column oven temperature has to be raised in an
excess of 200°C
5) The atmospheric sample will be separated by a similar solid-phase column,
though it is possible that data reduction and reliability analysis will
indicate advantages in bypassing the chromatograph column completely.
Selection of Instruments for Solar Insolation Measurements - There are sev-
eral possible scientific aims of a solar insolation measurement, including:
I) Knowledge of solar heating of Martian surface for understanding of atmos-
pheric circulation and climatic and seasonal effects
2) Knowledge of UV and visible radiation as they may have affected develop-
ment of life
3) Measurement of absorption bands for determining atmospheric constituents.
The trade study performed for the solar insolation measurements considered in-
struments for performing these different measurements. The measurements and the
instruments considered for each are listed in Table 3.4-25.
Table 3.4-25 Instruments Considered for Insolation Experiments
Instrument Function Instrument Considered
Measure Solar Insolation Two-channel dc Radiometer
between 0.2 to i0
Measure Solar Radiation of Multichannel dc Radiometer
Biological Interest in
Visible & UV
Measure Selected Absorption Multichannel ac Radiometer
Bands in IR
IR Spectral Measurement IR Fourier Transform Spectro-
meter
UV/Visible Spectral UV/Visible Grating Spectrometer
Measurement
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The multichannel dc radiometer was initially selected for the preferred de-
sign concept, based primarily on the assumption that the measurement of the UV and
visible radiation environments as related to the possible evaluation of life is
the most important insolation measurement. This instrument will define the spec-
trum adequately for these measurement requirements. However, after completing
the trade study, further consideration of the instrument design showed that a
multichannel ac radiometer could also be used and would give better performance.
This is the instrument described earlier in paragraph 3.4.2, Preferred Preliminary
Design.
Science and Technology Bases for Martian Surface Life Detection Experiments -
Any planetary exploration is limited in scope, concept and execution by the status
of the science and technology generating it. Before discussing the selection of
experiments, the background base of science and technology from which they will
be selected is considered. The science base is the more important and it largely
determines the depth of the next penetration into the unknown. On the other hand,
technology must be capable of lending physical form to the scientific question
posed. This is generally not as difficult a problem as determining the question,
but technology determines when and how well the experiment can be performed.
Thus, a conscious consideration of the status of the science and technology from
which the Voyager Program springs is important to its design and implementation.
Science Base - General theories of physics and chemistry have been established
to the point where considerable confidence is warranted in extrapolating from
Earth to the planets and the universe at large. No one will seriously dispute the
fact that the chemical and physical environment of Mars can be established by a
planetary lander. The chief problem associated with these types of experiments to
obtain information of biological relevance is that of selecting from among a vari-
ety of methods for making the determinations.
The situation with respect to direct tests for life is not as sanguine. A
completely satisfactory definition of terrestrial life has not been formulated.
Perhaps the nearest approach is that life is any substantive system that repro-
duces, mutates, and passes mutations to its progeny. Progress toward a general
theory of biology is extremely limited. Thus, neither the object nor the prin-
ciples to guide the search for extraterrestrial life can be clearly defined.
Technology Base - In the absence of a general theory of biology and restricted
to a single sample of life, the technological base for the search for extraterres-
trial life must draw deeply on the terrestrial example. In this respect, the
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known technology can be included in seven caterories:
I) Physical and chemical measurements of the environment of biological sig-
nificance
2) Identification of simple prebiological compounds
3) Imaging to detect organization suggestive of life
4) Identification of known or suspected biochemicals
5) Detection of metabolism
6) Detection of growth
7) Detection of reproduction.
Physical and Chemical Measurements of the Environment - This category is con-
cerned with experiments to determine atmospheric and surface composition with
respect to simple inorganic compounds. In general, the species in this category
range from elemental to pentatomic compounds or fractions. The whole broad field
of inorganic analysis is available for these determinations. The principal methods
are the older, classical wet chemistry techniques and the newer "dry" methods. In
the former, it is possible to automate and program the textbook-type sequential
assays for many of the species of interest. However, such automation poses chal-
lenges in the metering, pumping, mixing and storage of liquid reagents. The prin-
cipal dry techniques of interest are gas chromatography and mass spectrometry,
individually and jointly. Particularly appealing is the configuration in which
the gas chromatograph receives atmospheric samples or samples of pyrolyzed surface
material for separation into discrete fractions that are then fed to the mass spec-
trometer for identification. A major advantage of the mass spectrometer is its
ability to identify a very wide range of the elements, simple compounds, and pyrol-
ysis products, thus eliminating the need for a variety of instruments and processes
required by wet chemical techniques. Rapid development of the GC-MS instrument
for space use has miniaturized it and tailored it for the mass range of interest.
Identification of Simple, Prebiological Compounds - These compounds may in-
clude inorganic complexes or organic molecules generally believed to be life pre-
cursors. The techniques used in their identification are similar or identical to
those described in the previous paragraph.
Imaging - Imaging can be accomplished by a vidicon camera focused on the micro
or macro size range of objects. The advantage of this technique is that any rec-
ognizable life form or unusual structure suggestive of life or its effects would
be readily observable. Thus, a scan of the landing area might detect macroorgan-
isms and reveal important information on their morphology, numbers, and distribution.
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Similarly, equivalent results might be obtained at the micro level by microscopic
examination of the surface material. However, the micro region offers greater
difficulty in recognition than the macro region. This is true even for terres-
trial organisms in their native habitats.
Identification of Known or Suspected Biochemicals - These compounds encompass
biochemicals known to participate in terrestrial metabolism and compounds analo-
gous to those that might conceivably participate in extraterrestrial metabolic
processes. Such compounds would range from those essential to intermediary metab-
olism up to the macromolecules that store and transmit genetic information.
Column chromatography, electrophoresis, thin-layer chromatography and other wet
chemical techniques can be used to identify specific compounds and classes there-
Of. In terrestrial laboratories, ultracentrifuge techniques have been developed
to isolate and identify macromolecules. Perhaps the laboratory techniques most
widely used are spectrophotometric in nature. Although the gas chromatograph and
mass spectrophotometer cannot identify these compounds directly, they, nonetheless,
can be used if the compounds are first pyrolyzed and the vapor fractions rendered
separately by the gas chromatograph. The fractions can then be identified by the
mass spectrometer.
While the finding of even a complex biochemical known to participate in terres-
trial biology cannot be used as absolute evidence of life on Mars, it would be
highly indicative and, as a minimum, of great importance in assessing the level
of a biological evolution on the planet.
A universal attribute of terrestrial life is that all terrestrial biological-
ly produced compounds sufficiently complex to contain asymmetric carbon atoms ex-
hibit stereoisomerism. This phenomenon can be identified by observing the rotation
of polarized light passing through a solution of the material. In another version
of this experiment, wet chemical and gas chromatographic techniques are usedto
detect stereoisomerism in amino acids. Biologists generally agree that the detec-
tion of compounds exhibiting stereoisomerism in a sample of Martian material would
be highly indicative of present or past biological activity.
Detection of Metabolism, Growth, and Reproduction - These three attributes of
life, if found on Mars, would constitute almost irrefutable evidence for life.
Theyare closely associated and, hence, discussed together. The techniques most
commonly used in laboratories concerned with monitoring, detecting, or identifying
microorganisms by these characteristics are fairly simple ones in which visible
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evidence of developing cultures is sought. Portions of the suspected sample are
con_nonly placed in liquid or on solid culture media. In the case of the former,
optical density is monitored visually or with an instrument to detect the presence
and establish the rate of growth of microorganisms. In the solid nutrient tech-
niques, the development of microbial colonies is observed. Either type of medium
may be rendered fairly nonspecific or specific in accordance with the spectrum of
organisms sought. The requirements for bacteriological warfare agent detection
have given rise to more sophisticated microbiological methods. Among these are
the partichrome analyzer, which seeks to count particles in liquid suspension and
to distinguish living particles by staining with dyes absorbed by viable cells
only. Particle size analyzers have also been used, but, alone, these cannot dis-
tinguish live from dead material. Highly specific identification of microorgan-
isms can be achieved by introducing specific antibodies and optically or thermal-
ly observing the agglutination of the antibodies and the organisms sought. A
particularly advanced use of this method is embodied in the fluorescent antibody
staining technique (FAST), which, as the name implies, uses fluorescent dyes for
the rapid and easy detection of the antigen-antibody complex. Flying spot scan-
ners have been used to automate the process.
Another major impetus was given to microbial detection with the onset of the
NASA Exobiology Program. NASA support led to the development of a series of
life-detection concepts and techniques that can monitor metabolism, growth, and/
or reproduction. Prominent among these are the Multivator, designed to observe
enzymatic reactions from products that are rendered fluorescent; the Wolf Trap
that observes a liquid culture or the suspected material for changes in optical
density (as viewed by the enhanced sensitivity of an occultation photodetection
system) and pH; the Gulliver experiment, which supplies radioactive substrates to
the sample and monitors for the evolution of radioactive gases produced by organ-
isms assimilating the labeled compounds; the photosynthetic adaptation of
Gulliver, which seeks to establish photosynthetic activity through differences in
the re-emission of labeled carbon during light and dark periods; the Diogenes
experiment, which uses the firefly bioluminescent reaction to detect the produc-
tion of adenosinetriphosphate (ATP) in a culture of the suspect material; essential
ion uptake experiments, which, by a variety of methods ranging from wet chemical
to mass spectrophotometric, seek to establish the uptake of essential ions from
solution in a culture.
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An approach evolved by Kok, Martin Marietta RIAS Division, searches for enzy-
matic acceleration of ion exchange in inorganic ions. The scheme, which employs
mass spectrometry, does not require bringing organic nutrients to Mars.
An experiment suggested by Levin and Stroud is designed to be almost nongeno-
centric. Its only assumption is that alien life forms will react with the environ-
ment across a "biological interface." A portion of the Martian surface and atmos-
phere would be enclosed and monitored for changes in the species and concentra-
tions of gaseous molecules present. The changes observed would be compared to
those monitored in a duplicate, but control, experiment in which the soil had
first been heated to inhibit biological activity.
Selection of Experiments for Life Detection - A long list of experiments has
been proposed for detection of extraterrestial life. Some of these experiments,
Gulliver, Wolf Trap, and Multivator, have been developed to the feasibility stage
as self-contained instruments providing the functions of sample collection, wet
chemistry, and detectors for the biological phenomena. Other experiments have
been proposed either for development as self-contained instruments or as experi-
ments for the Voyager Biological Laboratory. Some of these, e.g., UV spectro-
photometry for macromolecule organization and optical rotation for stereoisom-
erism, have undergone development of a feasibility demonstration model for the
detector elements of the experiment. Other techniques have undergone extensive
laboratory evaluation using standard laboratory equipment. These techniques in-
clude, for example, wet chemistry treatment of a soil sample, detection of ion
exchange using isotope labeled ions and a mass spectrometer, molecular reorgani-
zation of a substrate using a gas chromatograph, and sterioisomerism using ester-
ification of the substances and chromatographic separation.
The complexity of the hardware to perform these experiments varies but, at
the outset, none are precluded from a candidate list of experiments. Therefore,
the study to select experiments for a preliminary design of life-detection instru-
ments included those that have not undergone extensive hardware development and
the development status of the instrument was accounted for in the selection cri-
teria.
The study also considered those alternative experimental approaches that are
not dependent on simple culture media as proposed in the Voyager Draft General
Performance and Design Specifications. An experimenter using culture media must
guess, fairly accurately, at a whole range of parameters (pH, Eh, temperature)
for the optimum conditions for the survival and growth of the native biota or
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else assume extremely hardy organisms to have a reasonable chance of succeeding.
Thus, experimenters have been developing specific life detectors based on bio-
chemical characteristics and no culture media rather than physiological changes
induced by a supplied substrate. The biochemical tests generally have a low
specificity with a higher a priori chance of positive results compared to the
more specific physiological tests that have a relative low chance of succeeding.
The suggested procedures for life detection, other than visual imaging, fall
into two broad categories, biochemical or structural experiments, and physiologi-
cal or functional experiments. Some of the suggested experiments are listed in
Tables 3.4-26 and 3.4-27. The biochemical tests look for common denominators of
life that, in the case of terrestial type life, are recognizable by the con-
stancy of their chemical composition. For example, proteins, lipids, and
nucleic acids are universally present in terrestial organisms; and ATP and ADP
routinely serve as the main energy storage compound. In addition, the complex
organically produced molecules with asymometric carbon atoms exhibit stereoisom-
erism, a characteristic known only to exist with organic reproduction processes.
The physiological tests look for evidence of life through changes in the local
environment that might indicate the interaction of biochemically active elements
in the soil. These changes can be related to living processes, particularly if
observed to change exponentially.
The soil sample requirements for these experiments also fell into two cate-
gories, in situ and prepared samples. All experiments could work with prepared
samples, assuming sufficient sample could be provided without destroying the
micro-organisms in the acquisition and processing cycles; however, it is simpler
to deploy instruments requiring viable organisms rather than providing prepared
samples. In terms of sample size, the in situ mode offers very considerable ad-
vantage over the processed samples, perhaps up to a factor of i00 or more, and
the culture experiments can also maintain the desirable high soil/substrate ratio
without having to reduce the offering of culture medium to a very low level. On
the other hand, experiments that require extensive wet chemistry are more easily
accomplished in a centralized facility. The wet chemistry is further simplified
by using one wet chemistry assembly that can serve the instruments requiring
these samples. In either case, an integrated approach to the instrumentation
can be used. The in situ experiments considered an integrated set of instruments
to operate on the same site and the prepared sample experiments to operate with
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Table 3.4-112 Alternative Biochemical Life-Detection Experiments
Biochemical
Experiment Experimental Approach Comments
i. Considered in 73 payloadGas Chromatograph/
Mass Spectrometer
2. Flash
Spectrophotometry
3. IR Albedo
4. UV
Spectrophotometry
5. J-Band
Photometry
6. Optical Rotary
Dispersion
7. Optical
Activity
8. Phosphatase
Assay
9. ATP Assay
Detect volatile fragments
from thermal processing of
soil samples
Spectrographic analysis usin_
laser source on solid mate-
rial for detection of organic
compounds
Spectrographic analysis of
IR reflection
Detect characteristic peptide
bond absorption spectra in
aqueous soil solutions
React a dye, known to change
spectral absorption with
terrestrial-type macromole-
cules, with an aqueous soil
sample
Detect isomerism by rota-
tion of plane polarized
light
assumptions in addition to
life-detection instruments.
Requires analysis to recon-
struct parent molecule.
Analysis under development
for terrestrial type organic
molecules, analysis may be
compounded with unknown
type molecules
Dependable laboratory tech-
niques for assaying organic
macromolecules. Prototype
feasibility model developed
by Melpar
Can be poisoned under poor
temperature control. Dyes
currently used are not heat
stable
Stereoisomerism is a prop-
erty of all complex organ-
ically produced molecules
with asymmetric carbon atoms.
Esterification of soil
sample & gas chromatograph
separation
React phosphate compound
having a fluorescent label
with a soil solution &
detect enzymatic release
of phosphate by fluorimetry
ATP extract reacted with
firefly bioluminescence &
detection of emitted light
Prototype feasibility model
developed by Melpar
More sensitive than rotation
of polarized light. Under
laboratory investigation.
Complex processing required
Developed as a part of
Multivator instrument.
Possible fluorescent back-
ground from soil. May have
slow turnover rate. Poor
specificity
Assumes terrestrial-like
biopoiesis. Kxtract is not
heat stable. Requires spe-
cial insertion after term-
inal sterilization
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Table 3.4-27 Alternative Physiological Life-Detection Experiments
Physiological
Experiment Experimental Approach Comments
i. Gas Exchange
2. Oxyanion Exchange
(RIAS Experiment)
3. Gulliver
4. Wolf Trap
5. Phosphate &
Sulphate Uptake
6. Marbac
7.
8.
Biochemical or
Culture Media
Concentration
Changes
Photosynthetic
Uptake of CO 2
Monitor changes in molecular
species & concentration above
enclosed surface using a GC
or MS
Monitor ion exchange between
water & isotope labeled phos-
phates, nitrates, & sulphates.
Ion exchange detected using
mass spectrometer analysis of
electrollzed water
Monitor level of labeled
gases released by metabolism
of labeled substrate
Monitor exponential increase
in turbidity in a nutrient
medium inoculated with a soil
sample. Turbidity detected
with sensitive optical sensors
Monitor removal of phosphates
or sulphates from a solution
as evidence for metabolic
activity. Phosphate is
either complexed with a
radioactively labeled com-
pound for radio assay or by
phosphorylating with ortho-
phosphate into ATP and
assayed by firefly bio-
luminescent technique. Sul-
phate labeled with S35 and
radio assayed
Detect changes in the oxida-
tion reduction potentials
within a microbial culture
containing a _oll sample as
evidence of metabolic activity
Observe time variations in
quantitative levels of bio-
chemical or culture media
materials inoculated into
soil. Changes observed
with periodic sampling &
GC/MS analysis
Observe change in labeled CO 2
concentrations in an enclosure
over the soil during periods
of light & dark exposures
No culture media required.
Assumes detectable gas ex-
change with environment
Makes few assumptions about
environment or physiologi-
cal processes. Current
method requires metered
sample & fairly complex
processing. Turnover rate
may be slow. Under
development by Martin
Marietta RIAS
Hardware developed through
several iterations. Proven
feasibility for terrestrial
type life
Sensitive growth detection.
Not very specific, concur-
rent pH measurements
required. Hardware de-
veloped to feasibility
model
Turnover rate may be slow.
Complex sampling &/or proc-
essing required
Exact interpretation of re-
sults relating to metabolism
difficult even with terres-
trial cultures
Turnover rate may slow.
Fairly complex sampling
and processing required.
Monitors both uptake &
release of CO 2
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a single, central analyzer. This deviated from the individual instrument devel-
opments, but simplified the overall sample acquisition and processing require-
ments and provided more capability within the weight and power constraints.
The configurations for conducting three specific life detectors can be or-
ganized as follows: (i) all physiological, (2) all biochemical, or (3) some
physiological and some biochemical; and (I) all centralized, (2) all deployed,
and (3) some centralized and some deployed. This leads to a possible 20 config-
urations for three life detectors. It was decided to adopt as the preferred con-
figuration a combination of two centralized biochemical experiments and one de-
ployed physiological experiment. This selection was made in the following
manner.
A mixed strategy using both centralized and deployed experiments ensures
against complete loss of capability should either the SAP or the mechanical de-
ployment system fail. It is also possible that the SAP will meet with only
limited success on a hard or irregular surface. Similarly, the deployment
scheme for in-situ measurements could possibly be frustrated on a boulder-strewn
surface where the SAP may operate satisfactorily. It was decided to include two
experiments in the centralized package to exercise possible integration techni-
ques such as will be required in the more complex centralized laboratories of
later missions.
A mixture of physiological and biochemical experiments was selected, again
to diversify the experimental approach. The functional assay increases the
specificity of the exploration and the biochemical experiments stand a chance of
returning some useful information even in the absence of a clear, positive result.
Since the mission period is short (less than two days), physiological experiments
that are dependent on reproductive time constants may be at risk, if these time
constants are found to be considerably longer than those of terrestrial organ-
isms. Allocating a physiological experiment to the deployed mode maximizes its
chance of success in that it is provided with a large in-situ soil sample (les-
sening the time factor) that is minimally disturbed by the experiment.
This leaves a choice as to whether the two centralized experiments should
be both biochemical, or one biochemical and one physiological. Two biochemical
assays were selected. A summary of the reasoning is given below.
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Biochemical experiments ease the constraint on the SAP subsystem to provide
samples containing viable organisms. For physiological experiments, the extent
of permissible mechanical action is unclear. The additional surface area pro-
duced by grinding or crushing may increase the available population, while grind-
ing too finely, or the heat produced by grinding, would kill the population.
For most chemical analyses, the treatment may be severe as long as the sample is
not appreciably heated.
Similar types of experiments facilitate the use of similar detector systems.
Biochemical experiments reduce the complication, both experimental and mech-
anical, of having centralized culture facilities. The constraints were appor-
tioned as follows:
I) Centralized biochemical analyzer, 20 ib, 5 w, 1800 cu in.
2) Deployed physiological experiment, I0 Ib, 5 w, 325 cu in.
Selection of Experiments - All but the first biochemical experiment listed
in Table 3.4-26 are also candidate experiments for inclusion in the central ana-
lyzer, as it has already been defined. The gas chromatograph/mass spectrometer
experiment is sufficiently broad in analytical application and so important for
assaying the chemical environment during the first mission that it is not in-
cluded in the weight and power allocated specifically to life-detection instru-
ments.
Of the other eight experiments considered, note that six (all except i, 2,
and 3) require solutions or extracts for the analytical method. Neither the
flash spectrophotometry technique nor the IR-reflection spectra method are suf-
ficiently developed to merit serious consideration at this time. Therefore, the
study was confined to the remaining experiments, all of which are carried out on
the liquid phase. This short list of six experiments all use optical sensing.
The ninth experiment seeks oxygen exchange activity between water and oxyanions
in the soil, using isotopically labeled water. Because of this potential ability
to use similar sensing arrangements, the six previously mentioned experiments
have been examined to establish which two experiments could be integrated into an
integrated biological analyzer. The results of the examination selected the UV
spectrophotometer and the optical polarimeter. This selection is justified as
follows.
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These experiments make a good pair scientifically. Both are reasonably
sensitive methods, well established in the laboratory. The specificity
of the polarimeter study enhances the broad assay of the spectrophoto-
meter. Neither experiment makes unwarranted assumptions about the exact
nature of the Martian biochemistry, except that it is probably carbon-
water based. This is a necessary assumption on the first mission
2) The experiments make a good pair instrumentally. They can both be imple-
mented with similar optical schemes that are probably good representative
prototypes for a whole class of similar spectroscopic experiments (e.g.,
the J-band experiment and similar possible developments). Both assays
require fairly simple, but again representative, wet-chemical processing
and solution handling. The development of these techniques will assist
an evolution toward more powerful integrated analyzers
3) Both experiments have already been brought to the engineering bread-
board level of development under NASA-supported studies
4) There are no immediate problems of sterilization of the reagents or de-
pendence on unknown time constants.
Only a few of the metabolism-detector experiments given in Table 3.4-27 are
suitable for use in the deployed mode. Experiments 4, 5, and 6, for instance,
can currently be carried out on soil solutions. Experiment 8, the photosyn-
thetic assay, requires that the sample be sealed off from the ambient atmosphere,
which is not very convenient for the deployed mode. Experiment 2, the RIAS assay,
cannot very conveniently be handled as an in-situ technique because it involves
rather complicated quantitative sampling and sample preparation. The same obser-
vation seems to be true of experiment 7, which would involve a careful sampling
of substrate laid down on the soil surface. At present, it is difficult to see
how this basic problem could be approached satisfactorily. Experiment I, observ-
ing the compositional variations of the atmosphere in specific localities, seems
to be a simple though possibly optimistic technique. On the first mission, it
will be difficult to justify using a sensitive instrument solely to "sniff"
around at the surface for compositional anomalies that may occur at very low con-
centration levels and with unpredictable periodicities.
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This preliminaryevaluation leaves only one candidate: the "Gulliver" exper-
iment. However, there are a number of versions of this experiment concept; two
of these will be considered for the deployed experiment mode.
The principle of this type of experiment is to apply isotopically labeled
culture medium in aqueous solution direct to the planet's surface. If organisms
are present and can metabolize one or more of the labeled substrates, the pro-
duction of labeled (radioactive) gas is likely, though by no means certain. In
the current state of the development of the experimental technique, both C 14 and
S35 labels are used. Any evolved gases are monitored for evidence of metabolism,
growth, and reproduction. Reproduction is indicated by an exponential increase
radioactive gas "(C14 02, H2 $35, $3502)" produced. The variation in activ-in the
ity with time is compared with the time variation observed using an inhibited
control experiment.
Variations in this technique occur, in that there are alternative ways of
monitoring the evolution of the gaseous metabolism products.
The method that has been used most frequently during the development and test-
ing program of the Gulliver experiment involved collecting the metabolic gas
(C02) chemically on a thin-film window coated with barium or lithium hydroxide.
As the labeled gas accumulates, the level of _-activity near the window increases
and this is monitored in turn by a _-sensitive detector distal to the chemical
collecting layer. A serious disadvantage with this type of collecting arrange-
ment is that it can become chemically saturated relatively quick if there are
appreciable amounts of the gas species being monitored normally present in the
atmosphere. Methods of renewing the getter could be devised, but the mechanical
requirements of the instrument will probably become complicated. Another dis-
advantage with this arrangement becomes apparent when S35 labeling is included
in the substrate. More collecting areas have to be provided to trap both H2S
and SO2, and the same collection problems can arise.
The second approach is to monitor the evolved gases with a small mass spec-
trometer mounted in situ with the rest of the deployed mechanics. The spectro-
meter could instead be mounted inboard, in the laboratory, but this would pose a
problem in transporting representative samples of the gases immediately above
the substrate-sprayed area without losing a possible subtle compositional varia-
tion. A small quadrupole spectrometer would be quite suitable for detection pur-
poses. Weight for weight, this system should compare quite well with the 6-
detector assembly.
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Immediate advantages of using a mass spectrometer detector are as follows:
i) It monitors C1402, H2S35 , $3502, or any other labeled gas with equal
facility
2) It can be provided with a slow-leak input that makes the system virtually
self sampling. A reading is taken simply by turning on the electronic
system
3) It provides additional information on the background atmospheric composi-
tion at the surface.
Selection of Approach to Science Data Subsystem Design - Table 3.4-28 summar-
izes the alternative concepts that were considered in selecting the SDS design
approach.
Table 3.4-28 Science Data Subsystem Alternative
Concepts Matrix
Functional Requirements Alternate Concepts
Data Acquisition Organization
Onboard Data Analysis and/or
Compression
Program & Buffer Data
Storage of 105 Bits
Bulk Data Storage of 3 x 107
bits
Special-Purpose SDS Associated
with Each Instrument
General-Purpose Central SDS
Shared by All Instruments
Special-Purpose Data Analyzers
Associated with Each Instrument
General-Purpose Central Data
Analyzer Shared by a Limited
Number of Users
Magnetic Core Memory
Plated Wire Memory
Magnetic Drum
MOS Devices
Magnetic Tape Recorder
Magnetic Core Memory
Data Acquisition Organization and Onboard Data Analysis - Each science instru-
ment and SAP unit has individual and relatively independent sequencing and data
acquisition requirements. As a result, the SDS can be designed using a distri-
buted or central organization approach.
The distributed organization approach requires each instrument or unit sec-
tion of the SDS to contain all necessary electronics required to sequence, col-
lect, process, format, and buffer data (also store and analyze data where re-
quired) with the SDS master sequencer controlling the major sequencing, synchro-
nization, and data transfer to the telemetry subsystem.
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The central organization approach enables the time-sharing of common equip-
ment required to accomplish SDS functions. This technique will be called a
computer-oriented concept because, for a moderate number of functions, the neces-
sary SDS approaches the complexity and flexibility of a digital computer. By
incorporating a digital computer into the SDS, many major functions can be per-
formed by the computer including sequencing, data formatting, and buffering, as
well as data analysis and compression.
Program and Buffer Data Storage of 105 Bits - Four storage devices were con-
sidered for use as the program and buffer data storage units. They are (I) mag-
netic core, (2) plated wire memory, (3) magnetic drums, and (4) metal-oxide-sili-
con (MOS) devices.
The magnetic core and plated wire memories are about equal in terms of dynam-
ic performance; however, of the two, the plated wire memory requires less power
and weight.
A magnetic drum currently under development has potential storage capabili-
ties of approximately 106 bits. Being an electromechanical device, it will in-
herently have a lower probability of successful performance when compared with
all-electronic devices.
MOS devices are shift register integrated circuits that contain storage capac-
itors between stages to store energy. These devices are dynamic in the sense
that they are unable to store information for long periods and consequently, are
undesirable in the event of long power shutdown periods.
Bulk Data Storage of 3 x 107 Bits - Many space probes have successfully used
magnetic tape recorders for short- and long-term missions in both near and deep
space applications proving the basic data tape storage concept. A mission of
seven months of an inactive state followed by a short-term operation concept has
been proven by the Mars 1964 fly by mission.
The Voyager Program has a requirement for complete sterilization. The re-
corder was to be sterilized for the 1964 Mariner mission, but because of recorder
failures after sterilization, the requirement was waived. Even though it is
highly probable that the sterilization problem can be resolved in time for the
Voyager 1973 mission, there is no evidence to date. Because of a lack of proven
sterilizable tape unit, a core memory storage device was evaluated for use in the
Voyager 1973 SDS.
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The magnetic core memory has the disadvantage of size for the capacity re-
quired. A core unit is generally much smaller than a tape recorder for low-
capacity requirement applications. As the core capacity increases, the size in-
creases also and at the point that the recorder and core array are of the same
size, the core capacity is one-tenth of the recorder.
Summary of Selection of Alternative Concepts - The following paragraphs sum-
marize the selection of alternative concepts.
Data Acquisition and Data Analysis Approach - The centralized SDS approach
was selected because (i) it is capable of meeting all mission and environmental
constraints and performance requirements; (2) it is highly versatile and less
dependent on mission/payload; (3) it enables changes in data collection and for-
matting operations by reprograming during any evolutionary phase of the SDS
design, in-flight or after landing on Mars; (4) it significantly reduces landed
science subsystem power and weight; and (5) it provides data analysis and com-
pression capabilities.
Buffer Data Storage - The plated wire memory was selected for the program
and buffer storage unit primarily because (1) demonstrated sterilization capabil-
ity, and (2) reduced SDS weight and power. The use of magnetic cores will be re-
examined in Phase C.
Bulk Data Storage - The magnetic tape recorder was selected for the bulk
storage unit because it is the only known storage device capable of storing
3 x 107 bits, which will satisfactorily meet mission constraints of system
weight and power.
Selection of Approach to SAP Design - The various approaches for sample ac-
quisition and processing, as shown in Table 3.4-29, indicate the variety of tech-
niques available for mechanizing a sampling system. This list was formulated to
provide a basis for analysis of those concepts displaying mechanical simplicity
as well as functional suitability for the landed science subsystem. These
approaches were selected from a review of the literature, preliminary evaluation
of original concepts, and consideration of the functional requirements and pos-
sible Martian environments.
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Table 3.4-29 Alternative Approaches to SAP Design
3.4-121
Operation Function Alternative Techniques
Sample
Collection
Sample
Transport
Surface
-- Soil
Sampler
Subsoil
--Gas
Sampler
Atmospheric
-- Gas
Sampler
__ Soil
Transport
__ Gas
Transport
-- Aerosolization/Pneumatic
--Mechanical
;-- Electrostatic
--Adhesive String
-- In-Situ Measurement
'--Penetration Probe
Drill Probe
E Pneumatic
Diffusion
Pneumatic/Aerosol
E Mechanical
--Pneumatic
--Diffusion
The various concepts applicable to the SAP design have been evaluated to pro-
vide a basis for further system design studies. The basis for this selection is
an analysis of the ability of each concept to meet the performance requirements
within the mission and environmental constraints.
The results of this evaluation led to the description of the SAP preferred
design previously discussed. The use of a rotary drill probe rather than a pene-
trometer probe has been specified because of the wider range of surface condi-
tions in which a drill probe can be used and the lesser degree of development
that has been done on penetration probes for extraterrestrial applications.
These same considerations coupled with the environmental sensitivity of aerosol/
pneumatic, electrostatic and adhesive acquisition systems have led to the selec-
tion of mechanical surface soil collection and mechanical transport techniques.
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3.5 Telemetry Subsystem
3.5 1 Requirements and Constraints
The requirements and constraints imposed on the Surface Laboratory telemetry
subsystem for the various mission phases are summarized in Table 3.5-1.
3.5.2 Preferred Preliminary Design
3.5.2.1 Subsystem Definitions and Descriptions
The telemetry subsystem accepts, multiplexes, and encodes analog, bilevel,
and digital data from the Surface Laboratory subsystems for operational, perform-
ance, and diagnostic monitoring during the preseparation checkout and post-land-
ing operations. Backup science data are also handled during post-landing opera-
tions. A secondary function is the monitoring of cell voltages during formation
charging of batteries after terminal heat sterilization. A block diagram of the
subsystem is shown in Fig. 3.5-1. The telemetry subsystem is packaged in the
telemetry assembly. Functionally independent subassemblies will perform the data
handling requirements for the two functions. System checkout is also monitored
with this subsystem. A status monitor encoder located in the Capsule Bus monitors
the Surface Laboratory subsystems during prelaunch and interplanetary cruise with
the data output hardwired to the spacecraft telemetry.
Preseparation Checkout and Post-Landin_ Phases - The part of the telemetry
subsystem that supports the preseparation checkout and post-landing operations
consists of a transducer power supply, signal conditioner, Surface Laboratory
data encoder, and a backup data encoder. The subsystem supplies power to the
various transducers, and accepts, conditions, and encodes analog and bilevel data
from the Surface Laboratory subsystems and multiplexes these data with serial
digital data from the command and sequencing subsystem for transmission to Earth
over either a direct communication link or a radio relay link via the Spacecraft.
The Surface Laboratory data encoder is used for normal operation and processes
all engineering and backup science data for either storage or transmission to
Earth over the relay radio link or the high-data rate direct link. The backup
data encoder processes selected engineering and backup science data in real time
for transmission over the low-data rate direct link. The backup encoder recovers
backup science data and primary engineering data in the event of a failure in the
Surface Laboratory encoder or high rate link. The two encoders are of different
design. The data handling requirements for each encoder are summarized in Table
3.5-2.
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Table 3.5-1 Telemetry Requirements and Constraints
n Phases
Functional Requirements
Data Handling Requirements
Data Modes
Data Rates
Data Formats
Commands
Preseparation Checkout and Post-Landlng
Phases
i) Supply regulated power to transduc-
ers.
2) Accept analog, bilevel, and digital
data from Surface Laboratory sub-
systems.
3) Condition, multiplex_ and digitize
analog data into seven-bit words
(IPHF and high rate S-band modes)
or five-bit words (low rate S-band
mode).
4) Generate data formats with required
sampling rates and measurement pro-
grams for applicable data modes.
5) Time multiplex, encode, and store
engineering data during nontrans-
mitting periods.
6) During preseparation checkout, proc-
ess data into a coded serial digital
non-return-to-zero pulse train for
presentation to the Spacecraft.
7) During post-landed transmitting pe-
riods, process data into a coded
digital data train (split phase
coded for UHF relay transmission,
PN coded for high rate S-band trans-
mission, or shifted to five-bit
parallel form for low rate S-band
transmission) and present these data
to the communications subsystem.
Analog (99 Channels)
Bilevel (22 Channels)
Digital: 5 channels from the con_and
and sequencing subsystem at rates
compatible with data modes and formats.
I) Engineering and backup science data
into storage.
2) Real-time transmission of engineer-
ing and backup science data (high
rate S-band or UIIF mode).
3) Read out and transmission of stored
engineering and backup science data.
4) Time-multiplexed science and engi-
neering data transmission under con-
trol of science data subsystem.
5) Real-time transmission of backup
science and selected engineering data
(low rate S-band mode).
i) UIIF bit rate not to exceed real time
relay capability of Spacecraft to
Earth (7200 bps).
2) High rate S-band bit rate compatible
with link capability (450 bps).
3) Low rate S-band bit rate compatible
with link capability (2 bps).
Two formats - one for normal data stor-
age and transmission mode, the other for
a backup transmission mode.
All data modes must be capable of being
connnanded by direct access when in ground
test, and by onboard logic or ground com-
mand before separation and after landing
Battery Formation Charging Phase
I) Accept battery cell voltage
measurements during battery
formation charging.
2) Time multiplex these meas-
urements.
3) Provide the multiplexed data
to the Operational Support
Equipment as a serial data
stream.
i00 battery cell voltage measure-
ments during battery formation
charging.
One data mode
Sample rate of i/sec for each bat-
tery cell voltage
Single fixed format
The battery formation charging mode
is under control of the.Operatlonal
Support Equipment.
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Table 3.5-2
FR-22-I03 Vol III Sect I
Data Handling Requirements, Preseparation Checkout & Post-Landing
Phase
Parameter
Surface Laboratory (Engineering Data)
Static phase error
Command lockup
Temperature
Voltage
Current
Positions
RF power
Bilevel
Digital
Number of Channels
Surface Laboratory
Data Encoder
2
2
42
13
6
4
6
8
5
Backup Data
Encoder
2
2
7
7
i
4
Subtotal 88 31
4
7
2
5
14
Science Data Subsystem (Engineering Data)
Motor current
Temperature
Pressure
Voltage
Bilevel
Subtotal 32 0
Landed Science Subsystem (Backup Science
Sensors)
Temperature
Pressure
Inclinometer
Wind speed
Subtotal 6 6
Total 126 37
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During preseparation checkout, the updating of the memory in the command and
sequencing subsystem is monitored and a diagnostic baseline established for all
Surface Laboratory subsystem measurements. The Surface Laboratory data encoder
presents these data via a hardline to the Spacecraft telemetry subsystem as a se-
rial non-return-to-zero pulse train at 3584 bps.
For normal post-landed operation, this encoder collects, processes, and stores
data during nontransmitting or S-band transmitting periods with a sampling of all
data once per half hour. It processes data for real time transmission at the be-
ginning of direct-link transmission and reads out the stored engineering and back-
up science data for transmission after command acquisition. Upon completion of
storage readout, real-time engineering data are multiplexed with primary science
data. The science data normally comes from the tape storage units. Gaps appear
in the science data where the tape recorder is stopped during the recording proc-
ess. The science data and the Surface Laboratory data encoder outputs are con-
nected to the S-band modulator exciter of the communication subsystem, and each
time a record gap appears in the recorded science data, the science data subsys-
tem enables the data encoder to transmit real-time telemetry data. The real-time
telemetry data transmission interval does not exceed the transmission period of
one television picture. During relay link transmitting periods, engineering and
science data are handled in a similar fashion.
The backup encoder is controlled by the command and sequencing subsystem and
automatically switches on at a predetermined time after start of direct link trans-
mission unless inhibited by Earth command. The output of the backup encoder is
hardwired to the M'ary modulator of the direct communications subsystem, providing
a low data rate capability of 2 bps. This encoder provides backup to recover
from failure of the high-gain antenna pointing system, the high data rate S-band
modulator exciter, or the Surface Laboratory data encoder.
Engineering data transmitted through this backup link will facilitate command
lockup and provide data for adjustment of the high-gain antenna through ground com-
mand. If the Surface Laboratory data encoder fails, the system is returned to the
normal high data rate and the science data subsystem is commanded to read out prime
science data. If the fault is in the antenna pointing or in the S-band modulator
exciter and cannot be corrected, operation will continue on the backup link, allow-
ing limited science data to return from the backup science sensors.
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Five bit rates are generated, one for the UHF relay and four for the direct
links. The UHF relay link uses a bit rate of 3584 bits/sec, which is the same
as the Capsule Bus telecommunication data rate and therefore allows the use of a
common receiver and bit demodulator in the Spacecraft for Capsule Bus and Surface
Laboratory support. The direct link has a low-gain and a high-gain antenna sys-
tem. The low gain mode permits a data rate of 2 bits/sec. The high-gain permits
a data rate of 112 bits/sec after course adjustment of the antenna and either 224
or 448 bits/sec for science/engineering data transmission after fine adjustment
of the antenna. The higher bit rate can be selected by Earth command for the
shorter Mars-Earth ranges.
Two data formats, shown in Table 3.5-3, are required for preseparation check-
out and post-landed operations.
Table 3.5-3 Telemetry Data Formats
Format A Format B
Surface Laboratory Data Encoder
Function
Sync
Analog Signals
Digital Words
Bilevel (22)
Spares
Total
Channels
(7-bit words)
4
99
5
4
48
160
I...................
Bits I
28
693
35
28
336
1120
Function
Backup Data Encoder
Channels/
Frame
9 analog meas
Sampled 8 times/frame
4 digital channels
Sampled 8 times/frame
3 spare channels
Sampled 8 times/frame
28 analog mess
Sampled once per frame
26 spare channels
Sampled once per frame
Word syncMinor frame ID
I Major frame ID
I Total
72
32
24
28
26
64
8
2
256
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The Surface Laboartory data encoder generates Format A, which is used for pre-
separation checkout and normal post-landing data multiplexing. The format contains
engineering data, backup science data, synchronization, and spares. Each channel
is sampled once per frame.
Format B is generated by the backup data encoder and is used for multiplexing
backup science data and selected engineering data for real-time transmission over
the low-gain direct link. A 32-ary multiple frequency shift modulation is used on
the low-gain direct link. Format B is constrained to the 32-ary modulation and
uses five-bit data words. The programer generates a sync signal for generating
a 33rd tone for frame and word synchronization. Figure 3.5-2 shows the format
organization.
Nine data modes are used by the telemetry subsystem (Table 3.5-4). A typical
post-landed sequence of operations for the telemetry subsystem is shown in Fig.
3.5-3.
During battery formation charging following terminal heat sterilization, the
cell voltages of all Surface Laboratory batteries are monitored. The battery
measurement multiplexer of the telemetry subsystem accepts and multiplexes these
measurements. These measurements are time division multiplexed and brought out
hardline to the operational support equipment. All controls and power are pro-
vided by the operational support equipment and routed to the multiplexer through
direct-access connectors on the Capsule Bus adapter. The high common mode volt-
age on the upper battery cells (up to 40 vdc of common mode) is the major design
constraint on this multiplexer. Mechanical commutators solve this problem. The
battery measurement multiplexer consists of two 90-point commutators with the
data from each being converted to a pulse duration modulation train to reduce
noise sensitivity of the signal between the Flight Capsule and the operational
support equipment.
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Ground Checkout - The Surface Laboratory telemetry subsystem is the prime source
of data during post-sterilization and system tests for checkout of all Surface Lab-
oratory subsystems. Serial digital output data trains from the Surface Laboratory
data encoder and backup data encoder are provided to the operational support equip-
ment through an umbilical. The operational support equipment will update the com-
mand and sequencer, providing control of Surface Laboratory subsystems during check-
out.
3.5.2.1.1 Performance Parameters
Data Rates - Data rates of the Surface Laboratory telemetry subsystem are sum-
marized below:
Surface Laboratory data encoder (bps) - 112, 224, 448, 3584
Backup data encoder (bps) - 2
Battery measurement multiplexer (pps) - 112.5
Data Modes and Formats - The Surface Laboratory telemetry subsystem operates
in 9 modes with 2 formats during ground checkout, the preseparation checkout, and
post-landed phases of the mission. The formats are shown in Table 3.5-3 and the
modes are summarized in Table 3.5-4.
Surface Laboratory Data Encoder Accuracy - The accuracy of analog measurements
encoded within the Surface Laboratory data encoder will be within +__2%of full scale,
which includes the combined effects of linearity, resolution, and analog-to-digital
conversion accuracy.
Backup Data Encoder - The accuracy of analog measurements encoded within the
backup data encoder will be within ±5% of full scale, which includes the combined
effects of linearity, resolution, and analog-to-digital conversion accuracy.
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Battery Measurement Multiplexer - Accuracy of the battery measurement multi-
plexer from input to output will be within +1%. The linearity will be maintained
to within _+0.5% of the best straight line.
Sampling Rates - Sampling rates of the telemetry data encoders are shown in
Table 3.5-4. The data sampling rate of the battery measurement multiplexer is
1.25 samples/sec.
Analog Signal Levels Analog input signal levels are summarized below:
Surface Laboratory data encoder 0-50 mv, 0-5 vdc
Backup data encoder 0-50 mv, 0-5 vdc
Battery measurement multiplexer 0-50 mvdc
3.5.2.2 Physical Characteristics
3.5.2.2.1 Hardware Description
The telemetry assembly is composed of the following subassemblies:
I) Signal conditioner
2) Transducer power supply
3) Surface Laboratory data encoder
4) Backup data encoder
5) Battery measurement multiplexer.
Signal Conditioner - Analog signals with amplitudes greater than those ac-
ceptable by the encoders are normalized in the signal conditioner. Resistive net-
works are used for amplitude attenuation. The subsystem generating the data per-
forms all active signal conditioning.
Transducer Power Supply - The Surface Laboratory transducer power supply op-
erates from the unregulated bus voltage of 24 to 37 vdc and supplies a regulated
5 v ! 0.1% to transducers requiring excitation from an external source. Redundancy
is built into the supply.
Surface Laboratory Data Encoder The Surface Laboratory data encoder accepts
data in analog, bilevel, and digital form. A total of 156 channels is available;
146 analog and i0 digital. The encoder, as shown in Fig. 3.5-4, includes the fol-
lowing major subassemblies:
I) Analog multiplexer
2) Analog-to-digital converter
3) Clock
4) Programer
5) Frame sync generator
6) Data storage (static)
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7)
8)
9)
FR-22-I03 Vol III Sect I
Digital multiplexer
Split phase coder
Pseudorandom noise/phase-shift-keyed modulator.
The more significant circuits are discussed below.
Analog Multiplexer - The analog multiplexer has a pair of analog switches for
each measurement, a holding capacitor, and a buffer-amplifier. The typical mul-
tiplexer shown in Fig. 3.5-5 samples low-level signal sources with large cormnon-
mode voltages. The indicated switches are mechanized with field-effect transis-
tors that have excellent on/off impedance ratios. As illustrated, input i is
being sampled and input 2 is in the standby condition. During the quiescent
state, the sampling capacitor charges up to the signal voltage, which can float on
a common-mode voltage. Then, during sampling interval, the capacitor is discon-
nected from the source and connected across the input to the multiplex amplifier.
As a result, the common-mode voltage is eliminated and only the signal voltage is
amplified up to a range compatible with the analog-to-digital converter.
Analog-to-Digital Converter - The data sampled and amplified by the analog
multiplexer are applied to the analog-to-digital converter where the data signal
amplitude is converted to an equivalent seven-bit binary code. The analog-to-
digital converter, shown in Fig. 3.5-6, utilizes the successive-approximation
technique to determine the digital value of an input analog signal. With this
technique, the digital number in the conversion register is converted to a pro-
portional analog voltage through the analog switches and ladder network. This
analog voltage is then compared to the input voltage and the resultant output
used to improve the digital number in the conversion register, which approximates
the analog input signal. In this manner, the analog input signal is converted
bit-by-bit into a digital value with the most significant bit determined first
and the least, last. A buffer is used in the input to the comparator to match
the impedance level of the ladder network to the comparator. The reference sup-
ply, a precision voltage source, determines the full-scale analog voltage range.
This supply is normally mechanized with a highly stable reference diode and op-
erational amplifier. The ladder network sums the output voltages from the ana-
log switches appropriately in a weighted combination. The analog switches, con-
version register, and control logic shown in the dotted enclosure (Fig. 3.5-6)
can be obtained on a single monolithic chip. The programer controls and provides
timing signals to the converter, and is not an integral part of the converter.
The complete converter consumes approximately 500 mw.
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Fig. 3.5-5 Analog Multiplexer
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Programer - The programer provides for format generation through gating con-
trol of all elements in the data encoder and for digital data from other subsys-
tems.
Only Format A is required for all modes of the Surface Laboratory data encod-
er. This format is used to store engineering and backup science data during non-
transmitting periods and for real-time transmission during relay link and high-
gain direct link transmissions.
Format A consists of 160 channels, each sampled once per frame. The program-
er to generate this format is most simply implemented with a gray code counter
80 stages long and with 160 two-input decoding gates, as shown in Fig. 3.5-7.
Data Storage (Static) - The Surface Laboratory data encoder memory is used
for storage of engineering and backup science data during nontransmitting pe-
riods. A minimum of 56,000 bits of storage is required.
A ferrite core memory with sequential interlace access implements the encoder
memory. The sequential interlace access permits the data to be stored or unloaded
in either interlaced or block fashion. Memory storage capacity is 8004 words, 7
bits each (seven 87x92 planes).
The modes of operation are clear/write and read/restore. In the clear/write
mode, old data are erased as new data are loaded. Read/restore operation stores
old data as the memory is unloaded.
Split-Phase Coder - The split-phase coder consists of two AND gates, an OR
gate, three inverters, and an output transformer connected as shown in Fig. 3.5-8.
The split-phase coder provides a single cycle of the clock frequency for each
bit. The signal is in phase with the clock if the datum is "i" and 180 deg out
of phase if the datum is "0". The transformer provides ground isolation and a
signal that is both positive and negative with respect to common.
PN/PSK Modulator - When operating into the direct-link, high data rate chan-
nel of the communications subsystem, data will be combined modulo-2 with a pseu-
dorandom noise (PN) code in a single channel modulator as shown in Fig. 3.5-9.
The PN generator, a shift register counter, generates a 63-bit pseudorandom
code. Word sync and bit sync are provided by the programer for synchronization.
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Fig. 3.5-6 Analog-to-Digital Converter
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from clock reset at 7
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II........II
This programer generates Format A. I
160 two-input decoding gates
II........
160 control lines for multiplexing gates
Fig. 3.5-7 Surface Laboratory Data Encoder Programer Block Diagram
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Fig. 3.5-9 pN/PSK Modulator
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Backup Data Encoder - Operation of the backup data encoder, shown in Fig.
3.5-10, is similar to the Surface Laboratory data encoder operation. The major
differences are:
i) No data storage is provided
2) A 5-bit word format is provided (Format B - Table 3.5-3)
3) Two sample rates are provided, one at the minor frame rate and the other
at 1/8 of the minor frame rate
4) Output data are presented to the M'ary modulator in 5-bit parallel form
with a programer discrete for generating a 33rd synchronization tone
5) Single clock rate (2 bps).
The analog multiplexer and analog-to-digital converter use the same basic cir-
cuits as do those devices in Surface Laboratory data encoder. The programer,
shown in Fig. 3.5-11, consists of a 3-stage bit counter reset at 5 to form the
5-bit word pulses; a 5-stage word counter reset at 32 to form the minor frame;
and a 3-stage minor frame counter reset at count 8 to form the major frame. The
decoding logic generates the gating signals to activate the proper multiplexer
switches for gating of analog, bilevel, and digital data.
There is no frame identification generator required in the backup encoder.
Frame identification is generated by a discrete from the programer that signals
a 33rd tone in the M'ary modulator.
Battery Measurement Multiplexer - The multiplexer consists of two 90-point,
1.25 frames/sec pulse duration modulation con_nutators. The commutators accept
differential signals with a common mode voltage up to 40 vdc. Each commutator
has a two-pole motor-driven 90-point mechanical switch, an amplifier, and a pulse
duration modulation keyer. The frame rate is 1.25 frames/sec. The differential
signals are amplified to a 5-vdc range and then converted to proportional time
duration pulses in the keyer.
Weight_ Volume_ and Power - The size, weight, and power of the Surface Lab-
oratory telemetry subsystem are shown in Table 3.5-5.
Subsystem Reliability - The Surface Laboratory reliability predictions, shown
in Table 3.5-6, are separated into two parts: (I) predictions based on normal
preseparation checkout and post-landed operations using the Surface Laboratory
data encoder and (2) predictions based on post-landed emergency operations using
the backup data encoder. The predicted reliabilities include the power supply
and signal conditioners. Transducer reliability is charged against the subsys-
tem requiring the data.
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A failure mode, effect, and criticality analysis of the Surface Laboratory
telemetry subsystem was made. Failure modes that cause the loss of all Surface
Laboratory data have been eliminated by alternative paths or modes.
Table 3.5-5 Surface Laboratory Telemetry Subsystem Size, Weight, and Power
Component
Transducer power supply
Signal conditioner
Battery measurement multiplexer
Surface Laboratory data encoder
Backup data encoder
Size
(cu in.)
20
60
120
560
180
Predicted Weight
(Ib)
1.0
1.0
5.0
12.0
4.0
Power
(w)
2.0
I0.0
8.0
Total 940 23.0t 12.0 max*
*Only one encoder operates at a time.
tNot including package & internal cabling.
Table 3.5-6 Surface Laboratory Telemetry
Subsystem Reliability Summary
Allocation
Mean prediction
Upper bound prediction
Lower bound prediction
Normal
Operating
Modes
0.960
0.9730
0.9764
0.9696
Backup
Mode
0.9963
Sterilization - Sterilization presents no problems in the selection of hard-
ware for preferred design subsystem. Sterilizable parts and materials shall be
used throughout.
3.5.2,3 Description of Interfaces
The Surface Laboratory telemetry subsystem interfaces with all Surface Labora-
tory subsystems and the Spacecraft through the Capsule Bus. These interfaces are
shown in Table 3.5-7.
3.5.2.4 Standardization and Growth
The telemetry subsystem is of a standard design using state-of-the-art
space-proven technology. It provides a standard interface with the science data
subsystem and the communications subsystem for the decade.
For later missions, increased transmitter power and a higher gain antenna will
allow increased bit rates for the direct link. Data coding enables additional
growth and also offers a significant improvement in performance (2.2 to 2.9 db for
the 63, 7 bi-simplex code) for a small reliability penalty. This and other codes
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will be considered for improving the information transmission rates for later
missions.
3.5.3 Analysis of the Selection of the Preferred Approach and Identification of
Alternatives Considered for Telemetry Subsystems
Two techniques were considered for multiplexing science data and engineering
data for transmission. The preferred technique is time multiplexing, on a
science data frame basis, formatted science data from the science data subsystem
and formatted engineering/backup science data from the Surface Laboratory data
encoder. Science/TV data are stored on tape; data gaps appear at the start and
end of each science data frame due to stopping the tape recorder. For transmis-
sion, the formatted science data are played back and switched directly into the
communications subsystem. When a data gap is sensed on the tape, the science
data subsystem generates a signal to switch the Surface Laboratory data encoder
output to the communications in place of the science data subsystem output. At
the end of the data gap, the science data subsystem causes the data source to be
switched back to the science data subsystem.
This results in a real-time engineering data transmission over an interval of
time not exceeding the period of transmission of one television picture.
The alternative technique considered but eventually rejected consists of buf-
fering the science data in the Surface Laboratory data encoder and multiplexing
these data with real-time and stored engineering/backup science data. A standard
data frame is generated with 95% digital data from the science data subsystem, the
remainder being engineering/backup science data and sync information. This multi-
plexed science/engineering format is not transmitted until command lockup. A
second data format consisting of engineering and backup science data only is
generated in the Surface Laboratory encoders to support command acquisition.
This alternative technique was discarded because of required hardware complex-
ity to buffer tape data from the science data subsystem and to multiplex these da-
ta with engineering data. The second data format is so different from the science/
engineering format that a second programer is required. Approximately 5% or more
of the daily transmission time would be wasted because the science data subsystem
cannot effectively use the tape data gaps as it does in the preferred approach.
The alternative technique results in the Surface Laboratory data encoder being
a series element with the science data. A second, identical encoder, switched
with the first, must be used to protect against single failures.
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The preferred configuration uses functional (alternative path) redundancy with
two encoders of different design. The backup encoder is simply designed and oper-
ates on a straight-through path (no switching) to the communications subsystem.
3.5.3.1 Functionally Independent Hardware
The telemetry subsystem could be designed as a single integrated data encoder
to accomplish the functions of the battery formation charging phase and presepara-
tion checkout and post-landing phase. However, because of the widely varying
operational and data requirements during the various mission phases, a simpler,
more reliable design can be made by separating the telemetry subsystem into func-
tionally independent elements for each major phase. The rationale for such an
approach is presented below.
The battery formation charging phase is unique in its high common mode voltage
_ 40 vdc) on the signal when monitoring battery cell voltages. This voltage
imposes a major design constraint because it exceeds the breakdown rating of
solid-state analog switches.
Mechanical switching for this application provides a simple solution because
proven techniques and hardware are available. The limited operational life re-
quirement for this phase is well within the operating life of mechanical commuta-
tors. Therefore, two 90-point commutators are selected to meet the data handling
requirements during this phase. The commutated signals will be converted to
pulse duration modulation for reduced noise sensitivity between the Flight Capsule
and operational support equipment.
The post-landing phase has a data storage requirement to handle data during
nontransmitting periods, a completely different set of measurement requirements,
and will have a long-life hardware requirement for later missions. To provide
redundancy for this phase, two independent encoders of different design will be
used. The backup encoder will be of a simpler design than the Surface Laboratory
data encoder. It will not have a data storage capability, will handle only a
limited number of measurements and will operate into the low-gain direct link to
Earth with only a minimum of switching in series.
3.5.3.2 Engineerin_ Data Storage
The data storage capacity is based on engineering and backup science data
storage during initial deployment of the Surface Laboratory after landing and the
storage of one frame of data every half hour during nontransmission periods un-
til the direct link becomes available. Fifteen hours of nontransmission time are
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assumed until acquisition of the direct link plus twenty frames of data stored
during landing and initial deployment. This results in a total storage require-
ment of fifty frames, or 56,000 bits of data. Once the storage is filled, new
data will be written in over the oldest data, thereby maintaining the latest fif-
ty frames of data in storage.
The storage will be read out in a read/restore mode. During normal transmis-
sion at 448 bits/sec, all data will be read out of storage once in approximately
2 min. Three to four redundant readouts of the storage will be provided, start-
ing immediately after command acquisition.
3.5.4 Summary of Subsystem Trade Studies
Trade studies and analyses were conducted to establish a telemetry subsystem
design for the Surface Laboratory. The more significant of these are summarized
in the subsequent paragraphs.
3.5.4.1 Report ED-22-6-17_ Static Data Storage, Capsule Bus and Surface
Laboratory Engineering Data
This report evaluates three types of static storage for use with the Capsule
Bus and Surface Laboratory telemetry subsystems. The ferrite core memory was
selected because it was developed for space use by several companies, has a his-
tory of space usage, and is compatible with the telemetry storage requirements.
The thin-film plated wire is the second choice and is being considered for possi-
ble selection within the development time for the 1973 Voyager mission. The stor-
ages evaluated, together with their advantages and disadvantages, are summarized
in Table 3.5-8.
3.5.4.2 Trade Stud_ Report ED-22-6-31_ Signal Conditioning, Conversion, and
Commutation Choices
This study presents the analyses and considerations used in selecting the
techniques for signal conditioning, commutation, and analog-to-digital conversion
choices for the telemetry subsystem. Alternatives in these three areas are con-
sidered in terms of performance, reliability, weight, and power requirements.
For the analog-to-digital converter, the availability of integrated circuit hard-
ware is an important factor.
The analysis results in selecting a hybrid commutation that accepts analog
inputs in the ranges of 0-50 mv and 0-5 vdc. By using hybrid commutation, the
signal conditioning is reduced to normalizing dc signals to one of the two input
signal levels.
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Alternatives considered for commutation are:
I) All low level and its effects on signal conditioning
2) All high level and its effects on signal conditioning.
The successive-approximation type of analog-to-digital converter is selected
for this application because of increased reliability and lower power required.
These advantages are a result of integrated circuits being available to perform
this analog-to-digital conversion. In particular, integrated circuits generate
the reference voltage to perform the ladder network switching function, to com-
pare the ladder network output and the analog data input, and to perform the ana-
log and digital switching.
Table 3.5-8 Static Storage Alternatives
Static Storage Memories Characteristics
Ferrite core
Plated Wire
Monolithic ferrite
i. Space-proven
2. Nonvolatile (not affected by power dropouts)
3. Excellent availability (several vendors)
4. Excellent development status
5. Low sensitivity to external magnetic fields
6 _ High reliability (6.9 x 10 -6 failure rate based
on applicable space data)
7. Small weight, size, and power
8. Inherent destructive readout (read/restore
readout can be provided)
9. Sterilizable
I. Not space-proven
2. Nonvolatile
3. Good availability
4. Fair development status
5. High sensitivity to external magnetic fields
6. No applicable space data for reliability failure
rates
7. Small weight and size; least power
8. Inherent destructive readout
9. Sterilizable
I. Not space-proven
2. Nonvolatile
3. Poor availability
4. Fair development status
5. Medium sensitivity to external magnetic fields
6. No applicable space data for reliability failure
rates
7. Smallest weight and size; low power
8. Inherent destructive readout
9. Sterilizable
MARTIN IWARIEI"rA OORPORA'I'ION
DENVER DIVISION
FR-22-I03 Vol III Sect I 3.6-1
3.6 Communications Subsystem
The Surface Laboratory communications subsystem consists of two independent
functionally redundant parts -- the Surface Laboratory direct communications sub-
system and the Surface Laboratory relay communications subsytem. These two sub-
systems are described in paragraphs 3.6.1 and 3.6.2.
3.6.1 Surface Laboratory Direct Communications Subsystem
3.6.1.1 Requirements and Constraints
Table 3.6-1 presents the specified and derived requirements and constraints
for the Surface Laboratory direct communication subsystem.
3.6.1.2 Preferred Preliminary Design
Subsystem Description - A block diagram of preferred preliminary design for
the Surface Laboratory direct communications subsystem in shown in Fig. 3.6-1.
This subsystem is organized into three assemblies: the radio assembly, high-gain
antenna assembly, and low-gain antenna assembly. The radio assembly contains all
the electronics required to implement the functions of doppler tracking, command
reception, telemetry transmission and antenna control.
For telemetry transmission, two redundant modulator-exciters cross strapped
via the four-port hybrid ring drive two redundant 20-w traveling wave tube ampli-
fiers (TWTA). The transmitter selector monitors the power out of the modulator-
excitors and TWTA and provides the control signals to switch units in case of
failure. In the normal mode, each modulator-exciter accepts the composite PN/PSK
signal from either the telemetry subsystem or science data subsystem. In the
emergency mode, low data rate digital data from the telemetry subsystem controls
the multiple frequency shift (MFS) modulator; the modulated IF output from this
unit is fed to either modulator-exciter. The output from the selected TWTA is
connected to either the high-gain antenna, low-gain antenna, or dummy load. The
high-gain antenna is used for high data rate PN/PSK transmission; the low-gain
antenna is used for MFS transmission. The dummy load is used for post-steriliza-
tion ground tests inside the sterilization canister.
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The receiver portion of the radio assembly consists of two S-band receivers
on the same frequency and a receiver selector. One receiver is connected to the
low-gain antenna for the primary method of receiving commands. The other re-
ceiver, which is connected to the high-gain antenna, is used to detect an Earth
beacon signal. This receiver also serves as backup receiver to the primary re-
ceiver when the high-gain antenna is pointed to Earth. The receiver selector
provides the logic for selecting the receiver to provide signals to the modulator-
exciters and the command detectors. The command detectors demodulate the composite
command spectrum. Each detector provides an NRZ data channel, bit sync, and an in-
lock/out-of-lock indication to the command and sequencing subsystem (CSS).
The high-gain antenna assembly consists of a front-fed 30-in-diameter para-
bolic reflector and a four-axis gimbal system. The mast for the high-gain an-
tenna assembly is erected and locked into position by a mechanism in the mechani-
cal subsystem. The first two axes are used to erect the third axis parallel to
the Mars polar axis. The two gyros mounted on the polar axis are used to generate
orthogonal error signals to control the two erection axes. An accelerometer is
also mounted on this axis to indicate when the antenna is pointed East. This
orientation is defined as the zero-hour angle, and is used as the reference point
for the hour-angle drive program stored in the CSS. The fourth axis is the de-
clination axis. This axis need only be set once for the two-day mission. For a
12-month mission, this axis travels through ±26 deg only. The electronics (motor-
drive circuits, erection and logic circuits, and static inverter) for the high-
gain antenna are contained in the radio assembly.
The third unit in the S-band radio subsystem is the low-gain antenna assembly.
It provides the pattern-gain coverage required for the primary command receiver
and also permits low data rate (MFS) transmission as a backup to the high-gain
antenna system.
Table 3.6-2 indicates the major characteristics of the direct communications
subsystem.
Sequence of Functions in Operation - Power is applied to the Surface Laboratory
direct communications subsystem shortly before touchdown. The antenna boom is de-
ployed on command from the CSS, and the antenna is pointed due east to await the
rise of Earth about 12 hr later. The receivers are both powered, one connected
to the omni antenna and the other to the high-gain antenna. Upon the acquisition
of an RF signal from Earth (DSIF), an in-lock indication is passed on to the CSS.
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Surface Laboratory Direct Communications
Subsystem Characteristics
3.6-5
Normal Mode Telemetry
Data Rate
Frequency
Modulation
Polarization
Power Output
Antenna Gain
Half-Power Beamwidth
Antenna Type
Emergency Mode Telemetry
Data Rate
Frequency
Modulation
Polarization
Power Output
Antenna Gain
Half-Power Beamwidth
Antenna Type
Command
Data Rate
Frequency
Modulation
Acquisition Time
Polarization
Antenna Gain
Antenna Beamwidth
Antenna Type
112, 224, or 448 bps
2295 ± 5 MHz
PN/PSK/PM (i channel)
RHCP
20 w
22.7 db
12 deg
Steerable, 30-in. parabolic dish,
4 gimbals, inertially erected
2 information bps
2295 ± 5 MHz
MFS
RHC P
20 w
5 db (maximum)
130 deg
Fixed, omni
8-1/9 bps
2115 ± 5 MHz
PN/PSK/PM (2 channels)
4.2 minutes (90% probability of
acquisition)
RHCP
0 db or better
130 deg
Fixed, omni
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If either the high-gain receiver or both receivers indicate "in-lock," then the
direct-link transmitter is turned on for transmission of engineering data over
the high-gain antenna at a data rate of 112 bps. Soon after the telemetry trans-
mitter is switched on, the DSIF can RF lock to the carrier and two-way lock may
be established for doppler tracking or command reception. After approximately
40 minutes of transmission at the ll2-bps rate, the CSS can update the position
of the high-gain antenna via Earth command so that the data rate can be increased
to 224 or 448 bps, depending on the range.
Table 3.6-3 indicates the direct-link modes for initial operation of the Sur-
face Laboratory direct link if the normal data rate modes are not achievable. If
only the "low-gain" receiver is in-lock this indicates antenna masking or a fail-
ure of the high-gain antenna and receiver. The emergency telemetry link may then
be used for diagnostic purposes to attempt enabling of the normal-mode telemetry
link. If Earth contact is not established after 2 hr, a double failure of the
receiving system and/or antenna system is indicated. The 112 bps normal telemetry
mode is then operated for 2 hr. If Earth contact is not made within this addi-
tional period, it is assumed that the high-gain antenna has failed, and the emer-
gency telemetry mode is operated.
The direct link modes of operation are given in Table 3.6-4. A functional
sequence of events for high-gain antenna pointing is presented in Table 3.6-5 and
the antenna transfer switch positions given in Table 3.6-6.
Communications Subsystem Parameters - The link performance for the various
communications modes is summarized by telecommunication design control tables
(Tables 3.6-7 thru 3.6-11) and plots of performance margin versus time of range.
The values of the communications subsystem parameters that determine the overall
system performance are summarized in Tables 3.6-12 thru 3.6-18. Table 3.6-19
contains the definitions of terms used in the link performance calculations.
Figure 3.6-2 presents performance margin as a function of range and landing
date for the normal modes of telemetry transmission. The controlling data channel
performance is plotted for the various data rates as well as the carrier tracking
loop performance for two-way doppler. These performance margin curves are for
the high-gain antenna nominally pointed to within ±3.5 deg of Earth (l-db point-
ing loss).
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Table 3.6-3 Logic Criteria for Direct Link Modes of Operation
Receiver in-Lock
High-Gain
Yes
Yes
No
No
No
No
Omni
Yes
No
Yes
No
No
No
Initial Mode
Normal, 112 bps
Normal, 112 bps
Emergency, 2 bps
Off for Earth
Rise + 2 hr
Normal, 112 bps
Emergency, 2 bps
Notes
Normal
Weak signal in omni
Indicates failure of high-gain antenna
or receiver
Ground mask, or both receivers failed.
No transmission until Earth rise + 2
hr
Ground mask or two failures. Transmit
until Earth rise + 4 hr
Two failures. Initiate Emergency mode
Table 3.6-4 Direct Link Modes of Operation
Mode
Telemetry,
Normal
Data Rate (bps)
112 (max range, 5 db
max pointing loss)
224 (max range, i db
pointing loss)
448 (nominal range,
i db pointing loss)
Telemetry, 2 (max range)
Emergency
C omm and
Tracking &
Telemetry
8-1/9 (max range)
112
224
448
Tracking -- (max range)
Telemetry Modes
Data Rate
(Des)
448
224
112
Range (km)
2.2 x 108
2.9 x i08
2.9 x 108
Antenna RF Source
High Gain Omni Coherent Noncoherent
X X X
X
X
X
X X
X
X
X
X
X
X
X X (MFS only)
X
X X
X X
X X X
Antenna Pointing Loss
Updated Antenna, I db
Updated Antenna, I db
Initial Antenna Pointing
Error, 5 db
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Table 3.6-5 Antenna Pointing Sequence
Time Referenced
to Touchdown Functional Event
T - 6 hr
(approx)
T + 1 min
T + i min
T + 30 min
T + 70 min
T + 75 min
T + 85 min
T + 90 min
T + 12 hr
(approx)
T + 14 hr
(approx)
Store hour angle initiation time (predicted time when
Earth will be at zero azimuth) in sequencer-timer.
Store declination angle (predicted Earth elevation at
time of impact) in sequencer-timer
Unlock antenna mast
Deploy antenna mast
Turn on static inverter
Erect gimbal 1 (azimuth)
Erect gimbal 2 (elevation)
Set declination angle
Drive hour angle to zero
Initiate clock drive of hour angle axis (Earth is at
zero azimuth)
Initiate transmission to Earth on signal from low-
gain receiver AGC that Earth is in field of view
T + 15.25 hr
(approx)
T + 15.5 hr
(approx)
T + 23 hr
(approx)
T + 24.3 hr
(approx)
T + 36.6 hr
Earth commands received to fine tune hour angle axis
Fine tuning complete. Command higher bit rate
Terminate transmission to Earth
Hour angle is now 180 deg. Change sign of clock
drive. Transmission terminated
Hour angle is now 360 deg (or zero). Change sign of
clock drive
Continue cycle until mission termination
Table 3.6-6 Antenna Transfer Switch Positions
RF Power Sourcel
TWTA I
TWTA 2
Antenna
Omni
High Gain
Omni
High Gain
Circulator Switch Postition
1 2
CW CW
CW CCW
CCW CW
CCW CCW
CW
CW
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I
2
3
4
5
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3O
31
32
33
34
35
36
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Surface Laboratory Direct Link High-Gain Antenna, Engineering
Data Mode, 112 bps, Maximum Range, 2.9 x 108 km
Parameter
Total Transmitter Power
Transmitting Circuit Loss
Space Loss
= 2295 MHz, R = 2.9 x lO g km
Value
"+43.0 dbm
-I.5 db
Transmitting Antenna Gain +22.7 db
Transmitting Antenna Pointing Loss -i.0 db
-268.9 db
Polarization Loss
S/L E = 2 db, DSIF E = 0.8 db
Receiving Antenna Gain
Receiving Antenna Pointing Loss
Receiving Circuit Loss
Net Circuit Loss
Total Received Power
Receiver Noise Spectral Density
T System = 45 ± IO°K
Carrier Modulation Loss
Received Carrier Power
Carrier APC Noise BW
2 BLO = 12 Hz
Carrier Performance - Tracking
(One-Way) N/A
Threshold SNR in 2 BLO
Threshold Carrier Power
Performance Margin
Carrier Performance - Tracking
(Two-Way)
Tolerance (db)
+I .0 -0.0
+O .8 -0.8
+I.0 -0.0
-0.I db --
+61.0 db +I.0
-0.3 db
-0.2 db
-188.3 db
-145.3 dbm
-182.1 dbm/Hz
-i0.0 db
-155.3 dbm
Threshold SNR in 2 BLO +2.0 db
Threshold Carrier Power -169.3 dbm
Performance Margin +14.0 db
+0.3
+0.1
+3.2
+4.2
+I .I
+I .4
+5.6
+10.8 db +0.5
Carrier Performance - Telemetry
Threshold SNR in 2 BLO
Threshold Carrier Power
+6.0 db
-165.3 dbm
Performance Margin +I0.0 db
Data Channel
Modulation Loss
Received Data Subcarrier Power
Bit Rate (I/T = 112 bps)
Required ST/N/B
Threshold Subcarrier Power
Performance Margin
Sync Channel
Modulation Loss (Includes Sync
Circuit)
Received Sync Subcarrier Power
-0.5 db
-145.8 dbm
+20.5 db
+7.7 db
-153.9 dbm
+8.1 db
-4.6 db
-149.9 dbm
-3.0 db
+18.4 db
Sync APC Noise BW
2 BLO = 0.5 Hz
Threshold SNR in 2 BLO
+i .0
+2.6
+8.2
+0.5
+2 .I
+7.7
+0.2
+4.4
+I .0
+2. I
+6.5
+I. 1
+5.3
+0.4
+I .0
Threshold Subcarrier Power -166.7 dbm +2.5
Performance Margin +16.8 db +7.8
Notes
20 w
Minimum
±3.5 deg
- - Maximum
-i .0 EPD-283
-0.0 +_0.02 deg
-0.I Estimate
-I .9
-i .9
-0.9 EPD-283
-1.8 8 = 1.25 rad +_ 5%
-3.7
-0.0 MC-4-310A
-I .0 MC-4-310A
-i .9
-5.6 +8.4 db worst case
-i .0 MC-4-310A
-1.9
-5.6 +4.4 db worst case
-0.2 e = 1.25 rad _+ 5%
-2.1
-1.0 p b = 5 x 10-3
e
-I .9
-4.0 +4.1 db worst case
-1.2 e = 1.25 rad ±5%
-3 .I
-0.4 MC-4-310A
-I .0
-2.3
-5.4 +11.4 db worst case
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Table 3.6-8
FR-22-I03 Vol III Sect I
Surface Laboratory Direct Link High-Gain Antenna, Science and Engineering
Data Mode, 224 bps, Maximum Range, 2.9 x 108 km
No. Parameter
I Total Transmitter Power
2 Transmitting Circuit Loss
3 Transmitting Antenna Gain
4 Transmitting Antenna Pointing Loss
5 Space Loss
{= 2295 MHz, R = 2.9 x 108 km
6 Polarization Loss
S/L e = 2 db, DSIF • = 0.8 db
7 Receiving Antenna Gain
8 Receiving Antenna Pointing Loss
9 Receiving Circuit Loss
I0 Net Circuit Loss
ii Total Received Power
12 Receiver Noise Spectral Density
T System = 45 ± 10°K
13 Carrier Modulation Loss
14 Received Carrier Power
15 Carrier APC Noise BW
2 BLO = 12 Hz
Carrier Performance - Tracking
(One-Way) N/A
16 Threshold SNR in 2 BLO
17 Threshold Carrier Power
18 Performance Margin
Carrier Performance - Tracking
(Two-Way)
19 Threshold SNR in 2 BLO
20 Threshold Carrier Power
21 Performance Margin
Carrier Performance - Telemetry
22 Threshold SNR in 2 BLO
23 Threshold Carrier Power
24 Performance Margin
Data Channel
25 Modulation Loss
26 Received Data Subcarrier Power
27 Bit Rate (I/T = 224 bps)
28 Required ST/N/B
29 Threshold Subcarrier Power
30 Performance Margin
Sync Channel
31 Modulation Loss (Includes Sync
Circuit)
32 Received Sync Subcarrier Power
33 Sync APC Noise BW
2 BLO = 0.5 Hz
34 Threshold SNR in 2 BLO
35 Threshold Subcarrier Power
36 Performance Margin
Value Tolerance (db) Notes
+43.0 dbm +I.0 -0.0 20 w
-1.5 db +0.8 -0.8
+22.7 db .... Minimum
-I.0 d5 +I.0 -0.0 ±3.5 deg
-268.9 db ....
-0.I db .... Maximum
+61.0 db +I.0 -I.0 EPD-283
-0.3 db +0.3 -0.0 ±0.02 deg
-0.2 db +0.1 -0.I Estimate
-188.3 db +3.2 -1.9
-145.3 dbm +4.2 -1.9
-182.1 dbm/Hz +I.I -0.9 EPD-283
-I0.0 db +1.4 -1,8 e = 1.25 tad ±5%
-155.3 dbm +5.6 -3.7
+10.8 db +0.5 -0.0 MC-4-310A
+2.0 db +I.0 -I.0 MC-4-310A
-169.3 dbm +2.6 -1.9
+14.0 db +8.2 -5.6 +8.4 db worst case
+6.0 db +0.5 -I.0 MC-4-310A
-165.3 dbm +2.1 -1.9
+I0.0 db +7.7 -5.6 +4.4 db worst case
-0.5 db +0.2 -0.2 e = 1.25 rad ±5%
-145.8 dbm +4.4 -2.1
+23.5 db ....
+7.7 db +i.0 -I.0 p b = 5 x 10 -3
e
-150.9 dbm +2.1 -1.9
+5.] db +6.5 -4.0 +I.I db worst case
-4.9 db +1.2 -1.2 e = 1.25 tad ±5%
-150.2 dbm +5.4 -3.1
-3.0 db +0.4 -0.4 MC-4-310A
+18.4 db +I.0 -I.0
-166.7 dbm +2.5 -2.3
+16.5 db +7.9 -5.4 +Ii.i db worst case
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NO.
1
2
3
4
5
7
8
9
l0
11
12
13
14
15
16
17
18
19
2O
21
22
23
24
25
26
27
28
29
3O
31
32
33
34
35
36
Table 3.6-9
FR-22-I03 Vol Ill Sect I
Surface Laboratory Direct Link Nigh-Gain Antenna, Science and Engineering
Parameter
Total Transmitter Power
Transmitting Circuit Loss
Transmitting Antenna Gain
Transmitting Antenna Pointing Loss
Space Loss -266.5 db
ffi2295 MHz, N = 2.2 x 108 km
Polarization Loss -0.1 db
S/L e = 2 db, DSIF _ ffi0.8 db
Receiving Antenna Gain +61.0 db
Receiving Antenna Pointing Loss -0.3 db
Receiving Circuit Loss -0.2 db
Net Circuit Loss -185.9 db
Total Received Power -142.9 dbm
Receiver Noise Spectral Density -182.1 dbm/Hz
T System = 45 ± 10°K
Carrier ModulatlonLoss -I0.0 db
Received Carrier Power -152.9 dbm
Carrier APC Noise BW +10.8 db
2 BLO ffi12 Hz
Carrier Performance - Tracking
(One-Way) N/A
Threshold SNR in 2 BLO
Threshold Carrier Power
Performance Margin
Carrier Performance - Tracking
(Two-Way)
Threshold _ in 2 BLO
Threshold Carrier Power
Performance Margin
Carrier Performance - Telemetry
Data Mode, 448 bps, Maxlmum Range, 2.2 x 108 km
Value Tolerance (db)
+43.0 dbm +1.0 -0.0
-1.5 db +0.8 -0.8
+22.7 db ....
-I.0 db +i.0 -0.0
+2.0 db
-169.3 dbm
+16.4 db
+6.0 dbThreshold SNR in 2 BLO
Threshold Carrier Power -165.3 dbm
Performance Margin
Data Channel
Modulation Loss
Received Data Subcarrier Power
Bit Rate (I/T = 448 bps)
Required ST/N/B
Threshold Subcarrier Power
Performance Margin
Sync Channel
Modulation Loss (Includes Sync
Circuit)
Received Sync Subcarrier Power
Sync APC Noise BW
2 BLO = 0.5 Hz
Threshold SNR in 2 BLO
Threshold Subcarrter Power
+12.4 db
-0.5 db
-143.4 dbm
+26.5 db
+7.7 db
-147.9 dbm
+4.5 db
-5.0 db
-147.9 dbm
-3.0 db
+18.4 db
-166.7 dbm
+18.8 db
Notes
20 w
Minimum
±3.5 de 8
.... Maximum
+1.0 -1.0 EPD-283
+0.3 -0.0 ±0.02 de E
+0.1 -0.I Estimate
+3.2 -1.9
+4.2 -1.9
+l.l -0.9 EPD-283
+1.4 -1.8 0 = 1.25 rad ±5%
+5.6 -3.7
+0.5 -0.0 MC-4-310A
+I.0 -I .0 MC-4-310A
+2.6 -1.9
+8.2 -5.6 +10.8 db worst case
+0.5 -I.0 MC-4-310A
+2.1 -1.9
+7.7 -5.6 +6.8 db worst case
+0.2 -0.2 e ffi 1.25 tad ±5%
+4.4 -2 .I
+I.0 -I.0 p b ffi 5 x I0 "j
e
+2 .I -1.9
+6.5 -4.0 +0.5 db worst case
+1.2 -1.2 e = 1.25 tad ±5%
+5.4 -3 .I
+0.4 -0.4 MC-4-310A
+I .0 -I .0
+2.5 -2.3
+7.9 -5.4 +13.4 db worst casePerformance Margin
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Table 3.6-10
No.
1
2
3
4
5
6
7
8
9
i0
ii
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3O
31
32
33
34
35
36
FR-22-I03 Vol III Sect I
Surface Laboratory Conmmnd Reception Mode, Low-Gain Antenna, 8 1/9 bps, Maximum Range, 2.9 x 108 km
Parameter
Total Transmitter Power
Value
+80.0 dbm
-0.4 dbTransmitting Circuit Loss
Transmitting Antenna Gain +60.0 db
Transmitting Antenna Pointing Loss -0.3 db
Space Loss -268.2 dbm
= 2115 MHz, R = 2.9 x 108 km
Polarization Loss -0.6 db
S/L, • = 6 db, DSIF • = 0.8 db
Receiving Antenna Gain +5.0 db
Receiving Antenna Pointing Loss
Receiving Circuit Loss
Net Circuit Loss
Total Received Power
Receiver Noise Spectral Density
T System = 1750°K
Carrier Modulation Loss
Received Carrier Power
Carrier APC Noise BW
2 LB-o = 20 Hz
Carrier Performance - Tracking
(One-Way) N/A
Threshold SNR in 2 BLO
Threshold Carrier Power
Performance Margin
Carrier Performance - Tracking
(Two-Way)
Threshold SNR in 2 BLO
Threshold Carrier Power
Performance Margin
Carrier Performance - Command
Threshold SNR in 2 BLO
-5.0 db
-1.5 db
-211.0 db
-]31.0 dbm
-166.2 dbm/Hz
-4.8 db
-135.8 dbm
+13.0 db
+3.8 db
-149.4 dbm
+13.6 db
+8.0 db
Threshold Carrier Power -145.2 dbm
+9.4 dbPerformance Margin
Data Channel
Modulation Loss
Received Data Subcarrier Power
Bit Rate (I/T = 8 1/9 bps)
Required ST/N/B
Threshold Subcarrier Power
Performance Margin
Sync Channel
Modulation Loss
Received Sync Subcarrier Power
Sync APC Noise BW
2 BLO = 2.0 Hz
Threshold SNR in 2 BLO
-5.3 db
-136.3 dbm
+9.1 db
+12.1 db
-145.0 dbm
+8.7 db
-7.6 db
-138.6 dbm
+3.0 db
+13.7 db
Threshold Subcarrier Power -149.5 dbm
Performance Margin +10.9 db
Tolerance (db)
+0.I -0.i
+0.8 -0.8
40.3 -0.0
+0.5
+5.0
+0.2
+6.9
+6.9
+I. i
+0.5
+7.4
+0.5
+I .6
+9.0
+i .0
+2.6
+i0.0
+0.5
+7.4
+I .0
+2. I
+9.5
+0.7
+7.6
+i .0
+i .0
+3. i
+I0.7
Notes
I00 kw
Estimate
EPD - 283
+_0.02 deg
- - Maximum
-0.5
-0.0 +_65 deg
-0.2
-i .6
-i .6
-i.I
-0.6
-2.2
-0.4
-I .5
-3.7
-I .0
Low noise mixer
e D = 1.12 rad
+5%
e S = 0.63 rad
MC-4-310A
+9.9 db worst case
MC-4-310A
-2.5
-4.7 +4.7 db worst case
-0.5 0 D = 1.12 rad _+57°
-2.1
-I .0
-2 .I
-4.2
p b = i0"5
+4.5 db worst case
-0.7 e S = 0.63 rad _+5%
-2.3
-0.8
-i .0
-2.9
-5.2 +5.7 db worst case
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3.6-14 FR-22-I03 Vol III Sect I
Table 3.6-12 Surface Laboratory Direct Communications
Subsystem Transmission Parameters (2295
± 5 MHz)
Low-Gain Antenna High-Gain Antenna
Parameter Value Tolerance Value Tolerance
Total Transmitted 43.0 dbm + 1.0 db 43.0 dbm + 1.0 db
Power (20 w) 0.0 - 0.0
Transmission
Circuit Loss* 2.0 db ± 1.0 db 1.5 db ± 0.8 db
Antenna Gaint 5.0 db ± 0.5 db 22.7 db --
*Includes all circuitry between the output of the amplifier
& the input to the antenna
tReferenced to perfectly circular isotropic with matched
polarization pattern maximum.
fable 3.6-13 DSIF Station Radio Reception Parameters
(2295 ± 5 MHz) (Tracking, Diplexed,
Maser 210-ft-dia antenna)
l,
Parameter Value Tolerance JPL Document
Antenna Gain* 61.0 db +_ 1.0 db EPD-283 (Rev 2)
Antenna Pointing
Losst 0.3 db --
Circuit Loss $ 0.2 db + 0.i db
Effective System
Noise Temperature 45°K ± 10°K EPD-283 (Rev 2)
Antenna Ellipticity 0.8 db (max) -- EPD-283 (Rev 2)
Carrier PLL Noise
Bandwidth (2BLo)
Carrier Threshold SNR
in 2BLo
• One-Way Doppler
• Two-Way Doppler
Tracking
• Telemetering
12, 48, or
152 Hz
0.0 db
2.0 db
6.0 db
+0.5 db
0.0
± 0.0 db
± 1.0 db
+ 0.5
db
- 1.0
MC-4-310A
MC-4-310A
MC-4-310A
MC -4 -3i0_
*To matched polarization.
tComputed from specified beamwidth, 0.135 deg (EPD-283), &
specified pointing error, 0.02 deg (EPD-283).
_Circuit loss includes diplexer, switch, & waveguide losses. I
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Table 3.6-14
FR-22-I03 Vol III Sect I
Surface Laboratory Direct Communications
Subsystem Reception Parameters (2115 ±
5 MHz)
3.6-15
Parameter
Antenna Gain*
Receiving Circuit
Losst
Effective System
Noise Temperature%
Carrier PLL Noise
Bandwidth (2BLo)
Carrier Threshold
SNR in 2BLo
• Two-way doppler
tracking**
• Command recep-
Low-Gain Antenna High-Gain Antenna
Value Tolerance Value Tolerance
5.0 db + 0.5 db 21.7 db --
1.5 db + 0.2 db 1.5 db ± 0.2 db
1750°K + i.i db 1750°K + i.i db
+ 0.5 + 0.5 db
20 Hz -0.4 - 0.4
3.8 db
db
20 Hz
3.8 db
tion%% 8.0 db ± 1.0 db 8.0 db ± 1.0 db
*Antenna gains referenced to perfectly circular isotropic.
%Includes all circuitry between the antenna and input to
the receiver.
#Includes contribution due to antenna temperature, circuit
losses, & noise figure at input to preselector.
**3.8 db SNR is required for a 2 db ground receiver deg-
radation.
%%Based on command threshold definition.
Table 3.6-15 DSIF Station Radio Transmission Parameters (2115
± 5 MHz)(Tracking, Diplexed, i00 kw, 210-ft-
dia antenna)
Parameter Value Tolerance JPL Document
Total Transmitter
Power 80.0 dbm --
Transmission Circuit
Loss* 0.4 db ± 0.i db
Antenna Gain % 60.0 db ± 0.8 db EPD-283 (Rev 2)
Antenna Ellipticity .... EPD-283 (Rev 2)
*Circuit loss includes diplexer, switch, & waveguide losses.
%To matched polarization.
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Table 3.6-16
Parameter
Subcarrier Modulation Method
Transmission Rates
Required ST/N for Bit Error
o pb = 5x10-3
Probability of e
Modulation Index
Modulation Losses
Carrier Modulation Loss
Data & Sync Modulation Loss
Sync Channel Threshold SNR
in 2 BLO
Sync Channel Effective Noise
Bandwidth (2 BLO)
Normal Mode Telemetry
Transmission Parameters
Value
Single-Channel, Square-Wave, Phase-
Shift Keying with PN Sync
112, 224, 448 bps
+7.7 db Hz/bps +i.0 db
e = 1.25 rad +5% (112, 224, 448 bps)
+1.4
-i0.0 db db
-1.8
-0.5 db +0.2 db
+18.4 db +i.0 db
0.5 Hz +10%
Table 3.6-17 Emergency Mode Telemetry
Transmission Parameters
Parameter Value
Modulation Method
Oscillator Bandwidth
Signal Spacing
Total Signal Bandwidth
Absolute Frequency Undertainty
Correlator Input Bandwidth
Transmission Rate
Required ST/N for a
o -2
Probability of Error of I0
word
per
Multiple frequency shift, 32 tones
+ i sync tone
2 Hz in I sec
I0 Hz
330 Hz
+300 Hz
I000 Hz
2.5 sec/tone; tone equivalent to
5 bit word
8.6 db Hz/bps (for T = 0.5 sec)
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Table 3.6-18 Command Parameters
3.6-17
Parameter Valve
Subtarrier Modulation Method Sinewave PSK command channel
plus square-wave PN sync
Transmission Rate 8-1/9 bps
Required Carrier SNR in 20 Hz 8.0 db ! 1.0 db
Bandwidth at Command Threshold
12.1 db. Hz/bps ! 1.0 dbRequired Command Channel ST/N °
for Bit Error Probability
b -5
of P = I x I0
e
Required Sync Channel SNR at
Threshold
Sync Channel Effective Noise
O_ndwld_U (_.0)
Modulation Indexes
13.7 db + 1.0 db
2.0 Hz + 20%
eD = 1.12 rad ! 5%
es = 0.63 rad +__5%
Modulation Losses
+0.5
Carrier Modulation Loss -4.8 db db
-0.6
Data Modulation Loss -5.3 db + 0.5 db
Sync Modulation Loss -7.6 db + 0.7 db
PN Code Word Length 63 bits
PN Bit Rate
Sync Acquisition Time-Minutes
511 bps (2fsl
4.2 (90% probability of acquisition)
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Table 3.6-19 Link Performance Parameter Definitions
Parameter
Performance Margin
Total Received Power
Received Carrier/
Subcarrier Power
Threshold Carrier
or Subcarrier SNR
Parameter Tolerance
Modulation Loss
Definition
The ratio of the nominal received carrier-to-noise
ratio to the threshhold carrier-noise ratio express-
ed in db. Link performance will be considered
acceptable when the margin is equal to or greater
than the linear sum of the link parameter negative
tolerances
That amount of power collected by the receiving
antenna & delivered to the input of the receiver,
expressed in dbm and calculated from the nominal
system parameters
The total received power minus the nominal modu-
lation loss
The computed or measured SNR required to satisfy
some minimum performance criterion
In tabulating the parameter values in the tele-
communications design control tables, the positive
and negative tolerances have been assigned in such
a manner that tolerances appearing in the negative
column always denote a decrease in the signal-to-
noise ratio, & those appearing in the positive col-
umn denote an increase
The modulation loss for a given channel is that
fraction of the total power received that does not
appear as useful power in that channel due to the
modulation process. For the command link, which
has a sinusoidal data subcarrier and a square-wave
sync subcarrier, the losses are given by:
2 ( )cos2@Carrier modulation loss = Jo ed s
Data modulation loss = 2J12 @d cos 0 s
modulation loss = J 2 \/(0d_ sin 2 0Sync O S
where 0d and 0s are the modulation indexes due to
the data and sync channels, respectively. For the
telemetry link, which has a single square-wave
subcarrier containing data and sync information
(PN_2f _D waveform), the losses are given by:
s 2
Carrier modulation loss = cos e
2
Data and sync modulation loss = sin _.
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Fig. 3.6-2 Normal Telemetry Modes, Performance Margin Curves
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The PN/PSK link, as shown in Fig. 3.6-2, has been designed to support a data
rate of 112 bps with 5 db of antenna pointing loss (coarse antenna orientation)
at the maximum range for the 1973 mission. A summary of the communications capa-
bility of the Surface Laboratory direct communications subsystem is presented in
Table 3.6-20.
The performance of the command link over the low-gain antenna is described in
telecommunications design control Table 3.6-10. This table shows that for the
1973 mission, the command data channel has a worst-case performance margin of
+4.5 db. The command link has been designed for reception of commands at a maxi-
mum range of 4 x 108 km. At this range, the command data channel worst-cast per-
formance margin is +1.7 db.
Hardware Descriptions - The Surface Laboratory direct communications subsys-
tem contains the following elements:
I) High-gain antenna
2) Low-gain antenna
3) Antenna controller and pointer
4) Antenna switch and dummy load
5) Diplexer (2)
_) Receiver (2)
7) Receiver selector
8) Modulator, MFS
9) Modulator-exciter (2)
i0) Four-port hybrid ring
ii) Transmitter selector
12) Traveling wave tube amplifier (TWTA) and power supply (2)
13) Command detector (2).
High Gain Antenna - The high-gain S-band antenna consists of a 30-in. dish,
with a front feed cup helix, mounted in a four gimbal arragnement. The antenna
assembly includes gyros and an accelerometer for initial erection of an equatorial
mount reference. Tracking of the Earth is then performed by stepping the hour
angle and declination axes of the antenna. Figure 3.6-3 shows the key character-
istics of this element. This design is based on the Lunar Orbiter reflector and
the feed used on the LEM erectable antenna.
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s
Polar Axis
Data Device (Polar
Housing (Cable Loo
Gear Motor Drive (Polar Axis
Support Mast
(Cables Twist Within)
Azimuth
Declination
FR-22-I03 Vol III Sect I
t
S-Band High Gain Antenna and
Four Axis Gimbal Arrangement
(Cable Loop)
Device
(Declination Axis)
Declination Axis
30 ° Vehicle Tilt
Device (Azimuth Angle)
(Cable Loop)
Device (Elevation Angle)
Characteristics:
Antenna Mount
Erection
Tracking
Gimbal Drives
Operating Failure Rates
Erection:
Tracking:
Weight
Mounting
Gear Motor Drive (Elevation Axi_
Antenna Assembly
Four Gimbals (No RF rotary joints, cable wrap up used)
Azimuth Elevation Declination Hour Angle
Self-contained inertial system, gyros & accelerometers for azimuth & elevation axes
Programed drive for hour-angle & declination axes
Stepper motors & gears
147,000 x 10 -9
11,500 x i0 -_
30 ib
||llUllll H lIInll I|!I|I|llll|||III|I|III|||ilIll|lII|Illlll|| |n l|I|I||lIil|lH IIH I|fill||I||II|H lIII||II|I|Ill|$||l
1.0
30 ° 20 ° I0 ° 0 ° 10 ° 20 ° 30 °
Characteristics: Electrical
Minimum gain (relative to 22.7 db at 2295 MHz
circular isotropic)
Polarization Right-hand circular
Ellipticity on axis 1.5 db
impedance 50-ohm nominal
VSWR 1.2:1 at 2295 MHz
1.4:1 at 2115 MHz
3-db Beamwidth 12 deg
Antenna size 30-in.-dia parabola
Focal length 9.3 in.
Feed type Front Feed, Cup-Helix
Power handling capability 50 w (min)
Fig. 3.6-3 High-Gain Antenna Characteristics
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Low-Gain Antenna - The low-gain S-band antenna consists of a cavity-backed
crossed-slot with a helical feed. The antenna provides right-hand circular polari-
zation to a single port. The antenna is flush mounted on the Surface Laboratory.
Figure 3.6-4 shows the key characteristic of this element.
Antenna Controller and Pointer (Electronics) - This unit contains an 800 Hz
inverter that supplies power to the erection gyros and accelerometer in the high-
gain antenna assembly. It also contains the antenna sequencer logic and the
power amplifier circuits to drive the stepper motors in response to commands and
clock drives from the CSS. Table 3.6-21 shows the key characteristics of this
element.
Table 3.6-21 Antenna Controller and Pointer Characteristics
Inputs:
Error Signals from Gyros & Accelerometer
Hour Angle Pointing Commands
Declination Pointing Commands
Azimuth Pointing Commands
Elevation Pointing Commands
Clock & Discretes
Power
Outputs:
Hour Angle Stepper Motor Drive
Declination Stepper Motor Drive
Azimuth Stepper Motor Drive
Elevation Stepper Motor Drive
Gyro & Accelerometer Excitation
(26 v, 800 Hz)
Operating Failure Rate
Weight
Power
Size
From Antenna
From CSS
From CSS
From CSS
From CSS
From CSS
From Power S/S
To Antenna
To Antenna
To Antenna
To Antenna
To Antenna
936 x 10 -9
4 ib
5w
I00 cu in.
Antenna Switch and Dummy Load - The subassembly includes three 3-port latch-
ing-type ferrite circulator switches similar to those used on Mariner IV and a
high power dummy load. Signals from the transmitter selector control the switch
positions to connect either of two TWTAs to either of the two antennas or to the
dummy load. Figure 3.6-5 shows the key characteristics of this element.
Diplexer - The diplexer consists of a bandpass filter at the receiver and
transmitter frequencies and a susceptance annulling network (multicoupler) at
the common junction of these two filters. The susceptance annulling network
provides a constant input impedance to the antenna. The key characteristics of
this element are shown in Table 3.6-22. This unit is similar to the one used on
Lunar Orbiter.
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Control
Signals from
Transmitter
Selector
Dummy Load Selector
Antenna Selector
TWTA Selector
From TWT
Amplifier 1
From TWT
Amplifier 2
Circulator
Switch 1
Circul
Switch 2
Circulator
Switch 3
To Low-Gain
Ant enna
Diplexer 1
Load
To High-Gain
Antenna
Diplexer 2
Characteristics
Parameter
Frequency
Insertion Loss
Isolation
Power Handling Capability
Impedance
VSWR
Control Signal
Operating Failure Rate
(for each switch)
Weight (3 switches &
dummy load)
Power (3 switches)
Size (3 switches)
Value
2295 ± 5 MHz
0.25 db maximum per section
25 db minimum per section
i00 w (will be capable of
switching with RF power applied)
50 ohms
I.I:i maximum at each port
5 vdc at 20 ma
-9
250 • I0
4.0 Ib maximum
0.5 w in operation, zero
holding power required
40 cu in.
Fig. 3.6-5 Antenna Switch and Dummy Load Characteristics
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Table 3.6-22 Diplexer Characteristics
Parameter Value
Frequency
Passband Insertion Loss
Impedance
Passband VSWR
Isolation
Transmit: 2295 ± 5 MHz
Receive: 2115 ± 5 MHz
0.36 db maximum, transmit & receive
50 ohms
1.2:1 maximum
80 db minimum (at both transmit &
receive frequencies)
Power Handling Capability
Operating Failure Rate
Weight
Volume
i00 w
500 x 10 -9
1.3 ib (max)
50 cu in.
Receiver - The receiver is a multiple superheterodyne receiver using a narrow
band phase-locked carrier tracking loop to derive the coherent local oscillators.
A synchronous detector is included to demodulate the command subcarrier. The
coherent carrier reference oscillater is supplied to the modulator-exciter. Figure
3.6-6 shows the key characteristics of this element. This element is similar
to the receiver portion of the Lunar Orbiter transponder.
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Input Coherent Local
from Oscillator,
Dipl exer Mul tipl ier s
Carrier
Tracking
Loop
_V
 Comand
Battery _ DC/DC _ + DemodulatorPower Convert er _
Coherent
Reference
to Mod-Exciter
TM
In-Lock to
Mod-Exciter
Command
Subcarrier
to Command
Detector
Characteristics
Parameter Value
Frequency
Noise Figure
Carrier Tracking Loop
Predetection Bandwidth
Dynamic Range
Operating Failure Rate
Weight
Power
Size
2115 + 5 MHz
8 db
2 _0 = 20 Hz (for S/N of 8 db)
4.5 kHz
-150 to -70 dbm
-9
4106" I0
5 ib
2.5w
150 cu in.
Fig. 3.6-6 Receiver Characteristics
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Receiver Selector - The receiver selector includes the logic to provide enable
signals to the command detector and modulator-exciter to allow selection of signals
from the receiver that is in-lock. Logic signals from this unit control the IF
switching in the modulator-exciters. Table 3.6-23 gives the key characteristics
of the receiver selector.
Table 3.6-23
Inputs:
In-lock
Ground Override
Mode Select
Outputs:
Enable Outputs
Operating Failure Rate
Weight
Power
Size
Receiver Selector Characteristics
From Receivers
From CSS
From GSS
To Command Detector &
Modulator -Exciters
706 x 10 -9
1.0 Ib
0.8w
36 cu in.
MFS Modulator - The multiple frequency shift (MFS) modulator includes the
logic to convert a 5-bit binary word into one of 32 frequencies. The 32 fre-
quencies are generated in a frequency synthesizer whose IF output is fed to the
modulator-exciters. Figure 3.6-7 shows the key characteristics of this element.
Modulator-Exciter - The modulator-exciter phase modulates the PN/PSK telemetry
onto the S-band carrier. The S-band carrier is derived from either a self-con-
tained auxiliary oscillator or from the reference oscillators from one or the
receivers. The choice between the coherent reference and the auxiliary oscillator
is made from the presence or absence of the in-lock signal from the receiver
selector. The MFS signal may be used instead of the auxiliary oscillator by com-
mand from the CSS. The S-band output signal is derived by multiplication of the
oscillator source. Figure 3.6-8 shows the key characteristics of this element.
This unit is similar to modulator-exciter section in the Lunar Orbiter transponder.
Four-Port Hybrid Ring - The four-port hybrid ring provides half of the modula-
tor-exciter power to each TWTA. It uses strip-line construction techniques.
Table 3.6-24 lists the key characteristics of this element.
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Binary
Code
-----am,
Binary-
to-MFS
Conver ter
Frequency
Synthesizer
Multiplier
& Amplifier
To
_Modulator-
Exciters
ay__ OOSupply Convert er -
Characteristics
Parameter Value
Input
Output
Frequency Stability
Spectral Bandwidth
Data Rate (data bits)
Operating Failure Rate
Weight
Size
Power
5-bit binary parallel, 2.0 v
20 MHz, nominal
-7
2 in. I0
2 Hz
2 bps
-9
4627. I • I0
32 oz
60 cu in.
6w
Fig. 3.6-7 MFS Modulator Characteristics
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MFS
Enable
from
CSS
Rcvr 1
Rcvr 2
MFS Telemetry
Logic
Enable
Gate
FR-22-I03 Vol III Sect I
PN/PSK Telemetry
Multiplier _ Phase H Multiplier &Modulator Ampl fier FilterIsolator
In-Lock
Signal
from
Receiver
Auxiliary
Oscillator
X_rR
Enable ----_ DC/DC
Battery -,_ Converter
Supply
_+__ S-Band_ POwerOutput Monitor
Characteristics
Parameter Value
Frequency
Power Output
Phase Stability
Frequency Stability
Short Term
Long Term
Modulation Bandwidth
Peak Modulation
Modulation Sensitivity
Spurious Emission
RF Input Impedance
RF Output Impedance
Operating Failure Rate
Weight
Size
Power
2295 + 5 MHz
60 mw
6 deg peak - auxiliary mode
12 deg peak coherent mode
-7
I0 (20 minutes)
-6
i0 (12 hrs)
1.8 MHz
+2 rad
I rad +__5%/v peak
Any spurious less than 50 db
below unmodulated carrier
50 ohms - VSWR less than 1.2:1
50 ohms - VSWR less than 1.4:1
-9
5466" I0
3.0 Ib
90 cu in.
2w
I
Auxiliary Mode
Fig. 3.6-8 Modulator-Exciter Characteristics
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Table 3.6-24 Four-Port Hybrid Ring Characteristics
Par ame ter Value
Frequency
RF Power Capability
Insertion Loss
Isolation
Impedance
VSWR
Operating Failure Rate
Weight
Volume
2295 + 5 MHz
500 mw
3.5 db (max)
25 db (between input ports)
50 ohms
1.3:1 (max)
50 x 10 -9
0.6 ib
30 cu in.
3.6-31
Inputs :
Power Monitors
Ground Commands
Outputs :
Mod-Exciter on/off
TWTA on/off
Circulator Switches
on/off
Auxiliary Oscillator
override
Operating Failure Rate
Weight
Power
Size
From mod-exciters & power
amplifiers
From C&S subsystem
To mod-exciter
To power subsystem
To circulator switches
To mod-exciters
-9
1534 x i0
1.0 ib
0.8w
36 cu in.
Traveling Wave Tube Amplifier (TWTA) and Power Supply - The TWTA amplifies
the S-band signal from the modulator-exciter to a 20-w level. The amplifier in-
cludes a TWT (traveling wave tube), a regulator and high-voltage dc power supply
for the tube, a circuit to delay the application of high voltage, telemetry cir-
cuits, and an RF power monitor and output filter. The key characteristics of this
element are shown in Fig. 3.6-9.
Command Detector - The command detector detects the digital command bits by
demodulating the PN/PSK subcarrier from the output of the S-band receiver. The
command detector includes the phase lock loop (PLL) and PN generator to generate
bit sync, as well as the phase detector and integrate and dump circuits necessary
to make the bit decisions. The command decoder in the CSS is supplied with an in-
lock signal in addition to the command date and bit sync. Figure 3.6-10 shows the
key characteristics of this element.
IWARTIN MARIEttA CORPORATION
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Transmitter Selector - The transmitter selector contains the logic circuits
to select one of two modulator-exciters, TWTAs, or antennas. It can also be com-
manded to operate each TWTA into the dummy load. Command override from the CSS
subsystem is also included. The key characteristics are given in Table 3.6-25.
Table 3.6-25 Transmitter Selector Characteristics
3.6-32 FR-22-I03 Vol III Sect I
To Transmitter
Selector & TM
I S-Band
I Transmitting ] , ___ Power _Output
FromMod-Exciter---_ Traveling _-_Filter _ r l M°nit°r I - to Antenna
' -- _Switch
From S/L I I I I
PowerS/S __.._1 I , , t t t t
IRegulator ! TWT Power i Anode Collector
Characteristics
Parameter Value
Frequency
Power Output
RF Gain Saturated
Noise Figure
RF Impedance
VSWR
Turn-on Time
Spurious Output
Harmonic s
Operating Failure Rate
Weight
Power
Size
2295 + 5 MHz
20 w
35 db
35 db
50 ohms
1.2:1 maximum
90 sec
Less than -80 dbm in any I Hz band
in the range of 2110 to 2120 MHz
60-db below unmodulated carrier
-9
2079.6 • I0
7.8 Ib
84 w
200 cu in.
Fig. 3.6-9 TWT Amplifier and Power Supply Characteristics
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Weight_ Power_ Volume - Table 3.6-26 summarizes the weight, power, and volume
requirements of each Surface Laboratory direct communications subsystem assembly.
Subsystem Reliability - The direct communications subsystem has a probability
of mission success for science data transmission of 0.9980. For command reception,
the probability of mission success is 0.9999. These predictions are based on the
equipment failure rates shown in Fig. 3.6-3 thru 3.6-10 and Tables 3.6-21 thru
3.6-25, and on the reliability mission profile described previously. Both of
these predictions exceed the allocations of 0.9935 for science data transmission
and 0.9998 for command reception.
For command reception, two-channel cooperative redundancy is used. One chan-
nel consists of the low-gain antenna, diplexer, and receiver; the other channel
consists of the high-gain antenna, a second diplexer, and a second receiver.
Both receivers operate on the same frequency; and under normal conditions, both
would be in-lock. The outputs of the receivers are cross-strapped via the re-
ceiver selector into two command detectors. Both detector outputs are fed to the
CSS subsystem for further processing. The receiver selector uses the receiver in-
lock signals for selecting the desired receiver output. Normally, if both re-
ceivers are in-lock, the output of the receiver connected to the low-gain antenna
is used.
For science data transmission, block redundancy is used for the modulator-
exciters and TWTAs. The transmitter selector is used to switch modulator-exci-
ters and TWTAs in the event of a failure. Output power monitors on these elements
provide the inputs to the transmitter selector logic. A passive four-port hybrid
ring connects either modulator-exciter to either TWTA. Ferrite circulator switches
are used for connecting the TWTA output to the high-gain antenna. After erection,
the high-gain antenna uses only a single gimbal for Earth tracking. If this gim-
bal fails, the two erection gimbals can be used to orient the antenna. This
backup mode requires Earth-based computation of the antenna drive program, which
is then transmitted and stored in the CSS subsystem. An MFS engineering telemetry
link is supported via the low-gain antenna to provide the information required to
recover from a failure in the normal automatic high-gain antenna operation.
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Surface Laboratory Direct Communications Subsystem
Weight, Power, and Volume Summary
3.6 =35
Assembly Size (in.) Weight (Ib) Power (w)
S-Band Radio Assembly
Diplexer (2)
Receiver (2)
Receiver Selector
Command Detector (2)
MFS Modulator
Modulator-Exciter (2)
Four-Port Hybrid Ring
Transmitter Selector
Traveling Wave Tube Amplifier (2)
Antenna Switch (3) & Dummy Load
Antenna Controller & Pointer
Structure
Cables (15 ft)
Subtotal, Assembly
High-Gain Antenna Assembly
Reflector & Feed
Upper Gimbals & Drives
Mast
Lower Gimbals & Drives
Sensor Package
Cables (5 ft)
Subtotal, Assembly
Low-Gain Antenna Assembly
Antenna Assembly
Cables (4 ft)
Subtotal, Assembly
Total, Subsystem
9x21x20
4x4
2.6
I0.0
1.0
8.0
2.0
6.0
0.6
1.0
15.6
4.0
4.0
8.23
2.25
65.28
3.0
I0.0
2.0
I0.0
3.0
2.0
30.0
0.6
0.6
1.2
96.5
5.0
0.8
3.0
6.0?
2.0"
0.8
84.0"
0.5
5.0
i01.i
i01.I
*Only one unit operates at a time.
tOnly operates when in emergency mode.
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Sterilization - The selected design was examined to determine the impact of
the sterilization requirement. It is believed that all parts used in the S-band
communication subsystem can be qualified for the sterilization environment. A
potential problem is the effect of high temperature on crystals. Tests conducted
previously have shown that crystals have a tendency to acquire a permanent fre-
quency offset when subjected to the sterilization temperature. The magnitude of
this offset is not greater than the other sources of frequency uncertainty (dop-
pler, long-term stability) and, therefore, does not degrade system performance.
Interface Description - The direct communications subsystem electrical inter-
faces are indicted in Table 3.6-27. The thermal interface for the radio assembly
is a maximum of 1.5 w/sq in. and a maximum of 5°F differential temperature.
Standardization and Growth for the Decade - The basic elements of the sub-
system (receivers, transmitters, and antennas) can meet the minimum requirements
for the Surface Laboratory mission beyond 1975. The receiver and modulator-excit-
er (transponder) are compatible with the future DSIF configuration. The antenna
articulation scheme provides coverage for all future missions.
The maximum communication range loss for a long-term mission is about 3 db
greater than the loss for the 1973 mission. At this maximum communication range,
a telemetry data rate of 112 bps and a command rate of 8-1/9 bps can be achieved
with the preferred design.
The information data rate may be increased by using a larger parabolic re-
flector antenna, by increasing the power output of the transmitter, and by im-
proving the communications efficiency through the use of coding. Table 3.6-28
shows the growth forecast for the telemetry link; 9.2 db or an eight-fold in-
crease in data rate over 1973 can be realized for future missions.
The addition of mobility to the Surface Laboratory will probably have an im-
pact on the communications requirements. The automatic on-board antenna erection
concept is compatible for a mobile vehicle that is not required to transmit data
via the high-gain antenna during the mobility phases. The low data mode via the
low-gain antenna could be used while the vehicle is in motion. If high data rates
are required during mobility, an inertial platform in the vehicle will be required
to enable the high-gain antenna to continuously track Earth.
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Table 3.6-28
FR-22-I03 Vol III Sect I
Surface Laboratory Direct Communications Subsystem Growth
Antenna
Power Output
Coding
Range
1973
22.7 db (30 in.)
43 dbm (20 w)
2.9 x 108 km
Net
1975-79
27.7 db (48 in.)
47 dbm (50 w)
+3 db
4.0 x 108 km
Growth
5.0 db
4.0 db
3.0 db
-2.8 db
3.6.1.3 Analysis of the Selection of the Preferred Approach and Identification
of the Alternatives Considered <Rationale) <Direct Communications System)
The rationale for the selection of the preferred Surface Laboratory direct
communications subsystem considers those requirements that have been derived
from the mission constraints, the selection of the design parameters, and the
overall subsystem configuration.
Derived Requirements - Derived requirements are discussed in the following
paragraphs.
Direct vs Relay Link - A direct radio link is selected as the primary Surface
Laboratory communications mode on the basis of providing doppler data for track-
ing and real-time mission control. The preferred configuration incorporates a
UHF relay link for transmission of initial post-landing science data (primarily
TV) and for functional backup of subsequent post-landing telemetry transmission.
The rationale for the selection of this approach is presented below.
The tracking and data acquisition system (TDAS), of which the DSN is an ele-
ment, must track the Surface Laboratory after landing. Accurate tracking requires
a transponder in the Surface Laboratory to provide two-way coherent signals for
doppler extraction. A transponder based on the Mariner-C design can simultane-
ously satisfy the telemetry, command, and two-way doppler tracking functions. The
last two functions could be implemented over a low-gain antenna.
A direct radio link offers flexibility for Earth-commanded Surface Laboratory
operations and provides a reliable command link because it is possible to monitor
command performance. The direct link is a must if command lockup and acquisition
are to occur in a reasonable interval. It also makes both the command and telem-
etry links simultaneously available for several hours per day, thus permitting near
real-time, closed-loop operation of the science and engineering subsystems on the
Surface Laboratory. In comparison, a relay link via the Spacecraft provides mission
operations personnel with data approximately every 24 hr. Therefore, any correc-
tive action taken as a result of evaluation of initial data returned cannot be
verified until 2 days later. For the 1973 mission, this represents the end of
landed operations.
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Analysis indicates that a relay link for transmission of science data to the
orbiting Spacecraft is feasible for the 2-day mission because at least one contact
per day occurs at reasonable ranges. The contact time depends on the Spacecraft
orbit and is typically 6 to 30 minutes approximately every 24 hr for ranges of i000
to 5000 km with a surface mask angle of 34 deg. For extended periods of operation,
however, a relay communications link would be unreliable because of:
i) Degradation of Spacecraft reliability
2) Precession of the ascending mode
3) Rotation of the line of apsides
4) Ground track drift.
A direct communications subsystem is selected as the primary method for imple-
menting the functions of tracking, telemetry, and command in the Surface Laboratory
on the basis of operational flexibility and functional compatibility with the DSIF/
DSN. It is also selected for design standardization, because development of a
steerable S-band antenna is ultimately required for extended operations. A relay
link is incorporated in the Surface Laboratory for transmission of initial post-
landing science data and for reliability backup of the telemetry transmission
function. For the 1973 mission, it provides full functional redundancy at a small
system cost and offers a method of conserving electrical energy after landing.
Telemetry Bit Rates - Telemetry data rates for science and engineering data at
224 or 448 bps, depending on range, have been selected to meet the daily data volume
requirement within the constraints of contact time and communications range.
A data mode at 112 bps is provided in the preferred design to allow trans-
mission of data under coarse orientation conditions of the high-gain antenna.
This mode furnishes all engineering measurements, including the critical measure-
ments needed to facilitate acquisition and lockup of the command system and to
bring the high-gain antenna into fine pointing adjustment.
The lowest normal mode telemetry data rate must be compatible with the daily
transmission requirement at the maximum communications range and for the available
contact time. For the 1973 mission, the worst case available contact over the
range of required landing latitudes (i0 ° N to 40 ° S) and in the presence of a
single 34-deg surface mask is 9 hr. If 2 hr of this viewing period is allowed
for command lockup and fine orientation of the high-gain antenna under worst-case
conditions, a bit rate of 224 bps will provide 5.6 x 106 bits of science data in
7 hr of transmission time. With coarse orientation of the high-gain antenna, 112
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bps is available at maximum range. Inability to bring the antenna into finer
adjustment will provide 3.6 x 106 bits of data for 9 hr of operation at maximum
range. A data rate capability of 448 bps is provided for landing dates up to
March 5, 1974, corresponding to a 2.2 x 108 km communications range. This data
mode provides 1.6 x 106 bits of data per hour. For these early arrival dates,
I0 hr of transmission time is available under worst-case conditions.
The emergency telemetry data information rate that can be supported over
the low-gain antenna is 1.5 bps for a system with 25% sync allocation. This data
rate will provide 5400 bits of information in an hour, which is adequate for
diagnosis and initiation of corrective action to restore the normal communications
modes of operation.
Command Bit Rate - The command data rate selected for the preferred config-
uration is 8-1/9 bps. For command words of 26 bit length at this data rate, 3.2
sec is required for transmission of a word. This rate will allow complete re-
programing of a command and sequencing memory in a reasonable time. The high data
rate allows a shorter length PN sequence to be used for synchronization, thus re-
ducing the sync acquisition time after two-way RF carrier lock is obtained. The
sync subcarrier is 511 Hz and _he sync code length is 63 bits. These parameters
result in a command system that is compatible with the Mariner-C design.
Design Selections - The transmission and reception frequencies for the Surface
Laboratory direct communication subsystem are the DSIF/DSN compatible S-band fre-
quencies. Operting frequencies have not been selected for the design because these
frequencies will be assigned by the DSN office.
The modulation choice for the normal telemetry modes is single-channel PN/PSK.
Selection of this technique over the Mariner C dual-channel technique was on the
basis of the following considerations:
I) Inherent inefficiency of power splitting in a dual-channel system
2) Greater communications efficiency because no additional power is required
for sync
3) Simpler telemetry modulator using digital techniques
4) Technique has been breadboarded by JPL and performance evaluated
5) Easier to control the transmitter modulation index.
Coding techniques have been investigated to provide an increase in data rate
capability at the same power level. Although a 2 to 3 db increase in performance
at the same bit error rate is theoretically achievable, coding was not further
considered for early mission applications on the basis of (i) breadboard test
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data are not available to prove agreement with theoretical performance estimates,
and (2) hardware degradations in a practical system have not been determined.
The modulation choice for the emergency telemetry data mode is multiple fre-
quency shift (MFS). This coded, noncoherent technique is selected for the low-
gain antenna transmission on the basis of (i) insufficient received signal strength
for carrier tracking required in a coherent system, (2) S/N ° improvement of an
M'ary system over a binary system, (3) adequate data rates available within the
frequency and phase stabilities of space proven oscillators, and (4) the extensive
research being applied to this system by JPL and others.
A four-gimbal inertial system is selected for the preferred steerable S-band
antenna configuration because it is self-contained (automatic operation is possible
at a reduced data rate with no uplink) and gimbals provide complete mechanical re-
dundancy.
The preferred articulation technique is arrived at on the basis of a detailed
trade study (see paragraph 3.6.1.4 of three antenna pointing systems: four-gimbal
inertial system, two-gimbal inertial system, and two-gimbal RF beacon tracking sys-
tem.
The antenna reflector size and the power level are selected to satisfy the
daily data volume requirements. The initial worst-case orientation error of the
preferred antenna pointing system is +--8.0 deg. For a 30-in. parabolic reflector,
this maximum pointing error corresponds to a pointing loss of 5 db. Fine orienta-
tion through ground command provides an accuracy within +__3.5 deg, and reduces the
pointing loss to i db. Thus, the antenna is sized to be compatible with the ac-
curacies inherent in the selected pointing system without imposing a requirement
for high-quality inertial components and severe pointing requirements. The trans-
mitter power level of 20 w satisfies the data transmission requirements and pro-
vides 5 db of margin for antenna feed breakdown on the basis of initial tests con-
ducted at the Martin Marietta Corporation.
The S-band power level of 20 w dictates the use of mircrowave tubes instead
of solid-state devices. The projection of the state of the art for transistors
indicates an availability of reproducible devices capable of 15 w at 2.3 Gc in
1968. The efficiencies of varactor chains are near 10%, and although improve-
ments can be anticipated, solid-state gains are expected to be offset by gains
in tube efficiencies. Therefore, S-band solid-state power amplifiers need not
be considered for early Surface Laboratory missions.
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Microwave devices that can be used for power amplification are amplitrons,
triode cavity amplifiers, electrostatically focused klystrons (ESFK), and TWTA.
Amplitrons are eliminated for the following reasons:
i) Long life expectancy is not demonstrated or adequately predicted
2) Broad band noise and output spurs require greater filtering than other
devices
3) Tandem connection of tubes to increase reliability result in RF gains of
14 db (worst case) with overall efficiencies of only 23%
4) The overall efficiency achieved is lower compared with other devices.
Triode cavity amplifiers are available for 20 w of output power. This device
has an overall efficiency of 20% at 20 w. However, this amplifier provides only
i0 db of RF gain requiring much greater power output from the modulator-exciter
than the other devices. On this basis, the triode cavity amplifier is not select-
ed.
At the 20-w level, a prototype design exists for an ESFK. The overall ef-
ficiency is only 17%, which immediately eliminates the device. The ESFK will be-
come more competitive at power levels of 50 w or greater. However, fundamental
development is required.
A TWTA is selected for the power amplifier function because of
i) Successful use on Mariner, Syncom, Relay, and Telstar
2) Demonstrated reliability
3) The availability of performance data of the device in a space environment
for long life conditions
4) 20-w tubes have undergone space qualification for Apollo
5) 30% minimum efficiency
6) In production.
The receiver portion of the Mariner C transponder has a nominal noise figure
of i0 db. Since the basic design of this transponder has been completed, advances
in low noise front ends have been made. The receiver selected for the preferred
design is the basic Mariner C receiver modified with a low noise RF mixer and a
low noise transistor in the IF amplifier following the mixer. The modification
should result in a nominal noise figure of 8 db and provide an improvement in re-
liability. This selection for improved performance and increased reliability is
consistent with the efforts being made under JPL contract to improve and update
the Mariner C transponder design for advanced projects.
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Subsystem Configuration - Redundancy is incorporated into the selected con-
figuration to ensure that no single failure of an active element causes a Category
I mission failure. For command reception, two-channel cooperative redundancy is
used; one channel consists of the low-gain antenna, diplexer, and receiver, and the
other consists of the high-gain antenna, diplexer, and a second receiver. The
weight penalty for this redundancy is 11.3 lb. An alternative redundancy technique
for command reception is the use of two command receivers on a single low-gain an-
tenna. These receivers could operate on the same or different frequencies. The
configuration connecting the backup receiver to the high-gain antenna is selected
over the alternative approach because it provides additional information useful
for telemetry transmission mode selection.
For data transmission, block redundancy is used for the modulator-exciters
and the TWTAs. Logic in the selected configuration will cross strap these ele-
ments in case of a failure. The weight penalty for this redundancy is 14 lb.
An emergency telemetry link over the low-gain antenna is incorporated in the
selected configuration to provide a method for retrieving selected engineering
and science data in case of failure of the Surface Laboratory data encoder or
the antenna steering. Data obtained with this link may allow the ground station
to correct the failure via the command link and return the Surface Laboratory to
the normal mode of telemetry operation. The additional costs of this feature in
the communication subsystem are 2 Ib in weight and 6 w of operating power.
RF switching into a dummy load is selected for test operations inside the
sealed sterilization canister to prevent accidental squib firing due to local
high RF fields caused by reflections. Alternative methods considered include
dual power level operation of the TWT by direct-current switching and the use of
hats over the antennas. Direct-current switching is selected over RF switching
for the relay communications subsystem because of its simplicity and because the
antenna and interconnecting cables are verified in the test. For the direct com-
munications subsystem, RF switching is preferred because direct current switching
would require essentially two separate power supplies for two-power level opera-
tion of the TWT. This would not permit a test of the power supply that will be
used during the mission. It is more important to exercise the TWTA in the flight
configuration than to test the antennas and RF cabling; RF switching into a dummy
load is, therefore, proposed.
DENVER DIVISION
3.6-44 FR-22-I03 Vol III Sect I
RF hats would be the best simulation because the communication subsystem would
operate in the flight configuration. This method was rejected for two reasons:
i) Potential safety hazard if the RF hats are not tightly coupled to the
antenna
2) Potential damage to the antenna under launch vibration conditions.
Future investigations into the detailed RF hat design problems should be con-
ducted in Phase C.
3.6.1.4 Trade Study Summaries (Direct Communications Subsystem)
3.6.1.4.1 High-Gain Antenna Acquisition_ Tracking 2 and Mechanization
Pointing Concept - A trade study of various antenna pointing systems was con-
ducted to select the preferred configuration. For each system, the sequential
operations peculiar to the system and the techniques by which each operation could
be accomplished were considered. Mechanical and electronic pointing techniques
were considered in this trade study, as well as various types of sensors. Early
screening left a four-gimbal inertial system, a two-gimbal inertial system, and a
two-gimbal RF beacon system for more detailed consideration.
The two-gimbal inertial system requires an inertial package. The antenna gim-
bal axes are not uniquely associated with azimuth and evaluation. The inertial
package generates the angles between the polar axis of Mars and the Surface Labo-
ratory. The angles are transformed to drive the gimbal axes to point the direc-
tive antenna reflector to Earth. Two gyros and an accelerometer are contained in
the inertial assembly. This pointing system requires seven resolvers; three in
the inertial package, one on each gimbal axis, and two in an electronics assembly
for coordinate transform. A third antenna axis is required for deployment of the
antenna above the Surface Laboratory.
The two-gimbal RF beacon system requires modifications to the antenna to pro-
vide error sensing and the addition of a single-channel receiver. Initial acquisi-
tion would use an onboard stored program and logic circuitry to designate a search-
for-Earth-beacon sequence. After acquisition and following a l-hr tracking period,
storage of the track data would allow RF sensing to terminate and the remainder of
the mission to proceed by two-axis designation from the stored track data. An
additional axis is required to deploy the antenna.
The four-gimbal inertial system can be completely programed for onboard opera-
tion. Two axes are used to erect a third axis parallel to the Mars polar axis.
Orthogonal error signals to control the two erection axes are obtained from two
gyros mounted on the polar axis. An accelerometer mounted on _his axis provides
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an east reference for the zero hour angle. The fourth axis is the declination
axis. Over a 12-month period, this angle travels through ±26 deg only. Coarse
orientation of the high-gain antenna is accomplished with the onboard sensors and
with data of the initial declination axis and of the capsule landing site location
stored in the CSS. Fine pointing is accomplished with an uplink from Earth.
If the gimbals, drives, or sensors fail, backup operation of the high-gain
antenna data mode is possible with diagnostic telemetry data and establishing of
an ephemeris on Earth. With these data, a program is computed on Earth and sent
to the Surface Laboratory CSS memory to drive the active gimbals to point the
directive reflector at Earth.
Table 3.6-29 is a matrix of primary considerations for comparing the three
antenna pointing systems. Evaluation of the configurations shows no compelling
choice. However, the four-gimbal inertial system was selected as the preferred
configuration for the following reasons:
I) Self-contained, automatic operation is possible at a reduced data rate
with no uplink
2) Operation is possible with only a single gimbal after acquisition
3) Gimbals provide complete mechanical redundancy.
Stepper Motor and Gear Drive Assembly - A stepper motor combined with a plan-
etary gear train is ideally suited to drive an antenna axis. This assembly has
been proven to be simple, rugged, reliable, and capable of operation in hostile
environments. Some of the advantages proved on the previous programs are:
I) High torque-to-weight ratio
2) Positive incremental drive eliminating need for feedback
3) Brushless dc drive with no quiescent power dissipation
4) High holding torque
5) Wide operating temperature range (-225 to + 260°F)
6) Operating in low pressure (< 10 -6 torr)
7) 120,000 step life is state of the art
8) Motor and planetary gears package neatly in a cylindrical package, mini-
mizing seal requirements.
High Gain S-Band Radiator - Two types of antennas were considered most suit-
able for the high-gain function, the helix array and the front-fed parabola. The
desired gains and patterns may be obtained with either design.
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Although the helix array has the greater powe_ handling capability because
of the power division among the multielements, initial breakdown tests now under-
way at Martin Marietta give strong confidence that the single cup-helix for the
parabola has adequate power handling capacity for this application. Initial break-
down tests of a Lunar Orbiter feed and rotary joint, and a breadboard model of
the LEM erectable cup-helix proved that all can safely withstand S-Band power
levels of 60 w in air at a pressure equivalent to 200,000-ft Earth altitude.
Additional tests will be performed over the range of critical pressures and at-
mospheric models for Mars. None of these devices were designed specifically for
high power-handling capability in a low-pressure environment.
An important factor in the choice is the gain growth potential. For a 6-db
gain increase with the parabola, the reflector needs only to be doubled in dia-
meter while using the same single feed. With the helix array, the number of
elements must be increased from four to 16 and additional feed circuitry in-
stalled. Weights of the two antenna types are approximately the same for 20-db
gain. For 27-db gain, the helix array is estimated at 15 Ib and the parabola at
8.5 lb.
The helix array, with a higher aperture efficiency, has less cross-sectional
area and hence less wind loading and less torque. Initial system layouts show
that both types may be stowed in the Flight Capsule.
Although the choice is not overwhelming, consideration of all factors, to-
gether with the importance of growth potential, leads to the parabola as the
preferred design.
Feed Line System for the High-Gain Antenna - Although the S-band rotary joint
developed for the Lunar Orbiter antenna appears capable of carrying the necessary
RF power, its use at each of the several hinge and gimbal joints introduces added
weight, volume, and complexity to the system. A preferred approach is flexible
coaxial cable wrapped around the mast sections. Tradeoff considerations include
power loss, power rating, weight, torque, resistance, and reliability. Further
study is required to define the mechanical limitations and their effect on the
gimbal motor design.
Motor Drives - The size of the drives (for strength) is dominated by wind
drag forces and moments created by the antenna reflector. The maximum dynamic
pressure coefficient is calculated at q = 2.59 psf. The maximum expected torques
for the declination, polar, and azimuth axes is approximately 460 in.-ib. Moment
coefficients are based on scale model wind tunnel tests conducted on models of
IWART'Iltl MARIETTA I=ORPORATION
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the AN/FPQ-6 antenna system. The maximum moment about the elevation axis is ex-
pected to be about 30% higher or 600 in.-ib. Stepper motors very similar to
those used on Surveyor can be used. These have rated output torque of 1.7 in.-ib.
Neglecting transmission efficiency, the declination, polar, and azimuth drives
would require a ratio of 270:1. The elevation axis requires a ratio of 353:1. A
worm and gear mesh at the output end of each transmission provides high static
torque holding capability.
At a 50% duty cycle (I cps) the Surveyor stepper motor turns 40 motor deg/sec.
This value, divided by the transmission ratio of 270:1, provides an average drive
output of 0.148 deg/sec. The maximum pulse rate of the Surveyor motor is estab-
lished at ii pulses/sec. Thus, an adequate range of speed possibilities are
available.
3.6.1.4.2 Modulation and Demodulation Techniques Study for a Low Bit Rate Direct
Radio Telemetry Link
A low data rate S-band link to Earth over a low-gain, omnidirectional antenna
is required to back up a failure in the high-gain antenna mode of telemetry trans-
mission. With 20 w of transmitter power and the loop noise bandwidth options
available or projected for the DSIF, link analyses show that there is not suffi-
cient signal strength for coherent detection techniques. Therefore, noncoherent
techniques must be used.
Several possible signaling formats were compared. It was concluded that a
32'ary FSK (MFS) system represents the best compromise between complexity and per-
formance efficiency. The possibility of superimposing an error-correcting code
on this format was also considered. While this does improve performance, it
also adds to the complexity of the system. It was decided to leave this as a
possible growth item for post -1973 missions, after some operational experience
with MFS has been gained.
Detection efficiency of this system is strongly influenced by the spectral
line width of the radiated signal and by frequency uncertainties in the signal.
To minimize both of these, a direct synthesis technique for generating the sig-
nalling frequencies has been selected. All frequencies are synthesized from a
common crystal reference. Design goals for the synthesizer to generate 33 tones
(32 information tones plus a synchronizing tone) are 2-Hz spectral line widths
and a 10-Hz tone spacing with a long-term frequency uncertainty of ±300 Hz. Total
spectrum occupancy (signal bandwidth plus uncertainties) will be under 1 kHz. A
simple encoder will convert sequential blocks of five bits of binary data into an
MFS tone sequence.
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Two alternative receiver configurations have been optimized and compared in
performance: the filter-detector-integrator receiver and the autocorrelator-
spectral integrator receiver. The former offers a slight theoretical advantage.
The latter is selected as the preferred receiver configuration because its imple-
mentation requires less special mission-dependent equipment. The autocorrelation
will be performed with an improved commercial digital correlator. The subsequent
spectral integration and decision process would be performed in a general purpose
computer (i.e., the MIE computer at the DSN stations). The processing will be
in real time. The commercial autocorrelators currently available can not perform
correlation without a substantial performance loss because of inadequate storage
capability. A device to meet the requirements for optimum processing could be
readily built. It is assumed that increased performance digital correlators will
be available in the near future. If not, a special development program is re-
quired.
On the basis of link calculations, a signaling rate of one word (tone) every
2.5 sec, or 2 bps, is possible under worst-case conditions. With 25% devoted to
synchronization, the information transmission rate is 1.5 bps. For reliability
reasons and because this link represents an emergency data mode, no capability to
command or program changes in the signaling rate is provided.
The importance of synchronization is reflected in the large amount of energy
devoted to it. Two levels of sync are required -- frequency and word. The re-
peated sync tone implements frequency search and tracks slow frequency drifts
during contact. Word sync is derived from early-late gate tracking of the sync
word integration period.
3.6.1.4.3 Low-Gain S-Band Antenna Study
The basic requirement on this antenna is broad-beam coverage. Only a single
sense of circular polarization is required. Because of the high frequency of
operation, the weight and volume are secondary considerations.
Scaled versions of the various UHF antenna designs were considered for this
application, and the crossed-slot radiator was chosen because of its inherent
broad coverage and power-handling capability. Added advantages are:
i) Limited ground plane because of the Surface Laboratory geometry repre-
sents a relatively large ground plane at the S-band frequencies, thus en-
suring a close approximation to an ideal pattern produced with an infinite
ground plane
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2) The flush-mounted design offers such advantages as reduced wind resist-
ance and dust-abrasive action.
The optimum approach to excite the crossed-slot radiators with the required
circularly polarized wave must be selected in the antenna design. The preferred
approach uses a short helix feed. Experimental data have confirmed that this is
suitable in this application.
3.6.1.4.4 Effect of Mars Surface Reflections on Antenna Patterns
A preliminary study has determined the effect of ground reflections on anten-
na patterns. The maximum value of the circularly polarized, reflected component
(having the same polarization sense as the direct wave from the antenna) has a
relative magnitude equal to the arithmetical average of the vertical and horizon-
tal reflection coefficient magnitudes. This maximum value occurs when the ortho-
gonal components are in quadrature. The reflected energy may increase or decrease
the direct wave depending on the relative path length difference between the
direct and reflected wave paths. With available reflection coefficient data re-
ported to be representative of typical Martian surfaces, variations from the
free-space patterns are shown for two antennas in Fig. 3.6-11.
Legend: IFree-Space Patterns
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Fig. 3.6-11 Ground Reflection Effect on Free-Space Antenna Patterns
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For a circularly-polarized, isotropic antenna, the variation is about ±3 db
over a half cone angle of 60 deg. For an assumed circularly polarized, cardioid
pattern (which is close to the desired coverage shape for the low-gain antenna),
the decreased downward radiation results in minimal pattern change over a half
cone angle of about 60 deg.
3.6.2 Surface Laboratory Relay Communications Subsyste m
3.6.2.1 Requirements and Constraints
Table 3.6-30 sun_arizes the specified and derived requirements and constraints
for the Surface Laboratory relay communications subsystem.
3.6.2. 2 Preferred Preliminary Design
Subsystem Description - The relay communications subsystem functional block
diagram is shown in Fig. 3.6-12. The subsystem consists of a radio assembly and
an antenna and coupler assembly.
The radio subsystem contains a single UHF transmitter and a UHF beacon re-
ceiver. The transmitter and receiver operate on different frequencies and are
connected to the antenna through isolated ports. Polarization diplexing of the
two signals is used with the receiver preselector and transmitter output filter
to provide adequate isolation with minimum insertion loss. The frequency shift
keyed (FSK) signal from the transmitter is radiated as a left-hand circular po-
larized (LHCP) wave. While the received signal is a right hand circular polarized
(RBCP) wave. Input to the subsystem is a split-phase modulated signal from the
telemetry or science data subsystem.
Sequence of Functions in Operation - Power is applied to the Surface Labora-
tory relay communications subsystem, and data transmission starts about 1 minute
after touchdown. The Capsule Bus transmitters are turned off at the same time be-
cause one of them shares the same receiver in the Spacecraft-Mounted-Flight Capsule
Support Equipment (SMFCSE) with the Surface Laboratory UHF transmitter. This
initial transmission lasts for a preprogramed time; nominally to 8 minutes after
touchdown.
Power is again applied to the relay communications subsystem at a preprogramed
time approximately 24 hr after touchdown. Transmission of data is controlled by
the presence or absence of a beacon signal from the Spacecraft, with backup for
turn-on and turn-off supplied by the Surface Laboratory sequencer and timer.
If a command link has been established via the direct communication subsystem,
then post-landed relay transmissions can be controlled by the updated program in
the Surface Laboratory command and sequencing subsystem (CSS).
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Communications Subsystem Performance - The Surface Laboratory relay communi-
cations subsystem must operate from touchdown plus 1 minute to at least touchdown
plus 5 minutes and during additional periods of visibility between Surface Lab-
oratory and the Spacecraft when at least 6 minutes of satisfactory communications
can be maintained. The post-land communication performance is affected by a range
of achievable deorbit and descent trajectories as indicated in paragraph 2.4.3.
The resulting initial post-land bounding excursions in range and capsule antenna
aspect angles are shown in Fig. 3.6-13. The worst-case signal performance margins
anticipated during the initial post-land contact period, resulting from the range
of proposed mission profiles, is shown in Table 3.6-31. The worst margin for the
preferred nominal mission is included for each of the five indicated time periods.
The margins shown are the values that exist after all negative tolerances
(including fading) have been deducted. The performance margin is tabulated for
each indicated orbit and reflects the minimum margin that occurs during each ini
tial post-land time period for the indicated range of targeting parameter, _, and
the two atmosphere models (VM-8 and VM-9) that bound the communications geometry.
The range of Spacecraft lead angles (%) considered in the table is consistent with
the descent maneuver strategy discussed in paragraph 2.4.1.3. Worst-case surface
slope is included in the table. The boresights of the Spacecraft-mounted relay
antennas are adjusted before launch to favor the selected Spacecraft orbit incli-
nation and Flight Capsule deorbit date to obtain the values indicated.
Figures 3.6-14 thru 3.6-19 show the performance of the communications subsys-
tem for the initial post-land Surface Laboratory mission for nominal link param-
eter conditions. A linear summation of the link parameter adverse tolerances and
fading margin is also presented. A maximum negative tolerance of 2 db is applied
to the fading margin. Figure 3.6-14 is a reference curve for the preferred nomi-
nal mission. The reference curve includes a zero Martian surface slope. The ef-
fect of all dispersions considered about the nominal deorbit trajectory are shown
in Fig. 3.6-15 thru 3.6-19. The trajectory dispersions considered are those listed
in block at the top of each figure. A Martian surface slope of !34 deg has been
included.
Figure 3.6-20 shows the performance of the communications subsystems for all
contact periods after the initial contact. The figure shows the worst-case per-
formance margin as a function of periapsis altitude for bounding orbit inclinations
of 30 and 60 deg. For a given orbit and inclination, the lowest performance mar-
gin for any of the useable links is shown.
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Orbit
(kin)
(Nominal Mission)
1300 x 12,500
1300 x 12,500
800 x 8,000
800 x 12,500
1800 x 12,500
1800 x 17,000
Table 3.6-31 Perfomance Margin Table, Worst-Case Performance Margin (db)
S
(des) (deg)
25 -I0
I0 to 40 0 to -I0
I0 to 40 0 to -10
10 to 40 0 to -I0
I0 to 40 -10
I0 to 40 -10
TD + I - Touchdown plus I minute
TD + 3 = Touchdown plus 3 minutes
TD + 5 = Touchdown plus 5 minutes
TD + 7 - Touchdown plus 7 minutes
TD + 9 = Touchdown plus 9 minutes
TD + 14 = Touchdown plus 14 minute8
* - Below elevation mask for entire ranse of 0.
Deorblt Trajectory Phase
TD+ 1 to TD+ 3 TD+ 3 to TD + 5 TD+ 5 to TD+ 7 TD+ 7 to TD+ 9 TD + 9 to TD + 14
+18.6
+ 9.6
+ 6.3
+ 9.7
+14.2
+11.9
+17.8
+7.1
+6.3
+9.7
+15.1
+13.4
+14.7
+7.1
+12.7
+11.3
+10.5
+7.7
+i0.0
+8.7
+4.5
+5.7
Line of Sight
to Spacecraft
Fl£ght Capsule
Aspect Angle
Surface Laboratory - Initial Spacecraft Links Shown
B
Key Bounding Case S/C Orbit (Pan) (deg) (deg)
O Nominal Orbit 1300 x 12,500 25 ml0
Q Max Ne8 _c 1800 x 12,500 40 -10
(_) Max Pos a c 800 x 8000 10 0
Q Max Range 1800 x 12,500 10 -I0
Key Deorbit Trajectory Phase
TD+I Touchdown plus I minute
TD+3 Touchdown plus 3 minutes
TD'I'5 Touchdown plus 5 minutes
TD+7 Touchdown plus 7 minutes
TD+9 Touchdown plus 9 minutes
TD+I4 Touchdown plus 14 minutes
A_osphere
_-8
_-8
_-9
_-9
4OOO
&
=o
"o
3000
200O
1000
0
-60
Fig. 3.6-13
_om
TD+I_ _ _.... ---0" _9
TD+3 _
TD+5 TD+7
TD+I __
-40 -20 0 20 40
Flight Capsule Aspect Angle, a c (deg)
Range and Flight Capsule Antenna Requirements, Surface Laboratory
60
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A sample design control table for the command beacon downlink is shown in
Table 3.6-32 and for the telemetry transmission relay uplink in Table 3.6-33.
These tables demonstrate the method of performance margin calculation. The param-
eters represent conditions for point (A), shown in Fig. 3.6-18, and are the
worst-case margins experienced over the range of proposed mission profiles after
touchdown for the initial contact period. Definitions of link parameter terms
are presented in Table 3.6-34.
Hardware Descriptions - The UHF transmitter, antenna and coupler, and beacon
receiver are discussed in the following paragraphs.
UHF Transmitter - The design is based on the Tiros-M APT transmitter that is
currently undergoing sterilization evaluation. The transmitter includes a volt-
age-controlled crystal oscillator that is FSK-modulated by the split-phase PCM
telemetry data. A frequency-multiplier, amplifiers, and circulator provide the
required transmitter power level, transmitter frequency, and antenna load imped-
ance isolation. The transmitter operates at two power levels. The low-power
level is required to limit the amount of power radiated inside the sealed steril-
ization canister during final system tests. Direct-current switching is used to
vary the gains in the power amplifier stages and is initiated by a control signal
received from the LCE through the umbilical. Figure 3.6-21 is a block diagram of
the transmitter and gives the key performance characteristics.
Antenna and Coupler - The selected design is a crossed-slot cavity-backed an-
tenna capable of transmitting and receiving left-and right-hand circular polari-
zations. The slot is selected primarily because of its broad pattern coverage
and power handling ability in the Martian atmosphere. Figure 3.6-22 summarizes
the key characteristics of this element.
Beacon Receiver - The beacon receiver is an AM receiver that detects the
presence of an audio tone transmitted by the Spacecraft-Mounted Support Equipment
(SMSE) beacon transmitter. The dc output of the receiver is used to initiate
transmitter turn-on via the CSS. Figure 3.6-23 summarizes the key characteris-
tics of this element.
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Table 3.6-32 Worst-Case Sample Design Control, Command Beacon Link
Parameter Value Tolerance (db) Notes
(+) (-)
2 w (rain)I°
2.
3.
4.
5.
6,
7.
8.
9.
I0.
Ii.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
Total Transmitter Power
Transmitting Circuit Loss
Transmitting Antenna Gain
Transmitting Antenna Pointing loss
Space Loss
f - 400 _{z, R = 2630 km
Polarization Loss
Receiving Antenna Gain
Receiving Antenna Pointing loss
Receiving Circuit Loss
Net Circuit Loss
Received Carrier Power
Receiver Noise Spectral Density
Predetection Noise Bandwidth
Receiver Noise Power
S/N into Ist Detector
AM Detector Loss (lO07oModulation)
+33.0
-I.0
+8.0
-6.0
-152.9
-0.2
+5.0
-5.0
-i.0
-153.1
-120.1
-170.6
+44.8
-125.8
+5 •7
-0.9
Modulation Loss (90% Modulation) -I.0
S/N at Ist Detector Output +3.8
dbm
db
db
db
db
db
db
db
db
db
db
dbm/Hz
db • Hz
dbm
db
db
db
db
1.0
0.0
0.5
0.2
0.5
0.0
0.5
0.5
0.3
0.5
Bandpass Filter Bandwidth
S/N at Filter Output
S/N in 5Hz Filter
22. Threshold S/N in 5Hz
23. Performance Margin (without
fading allowance)
24. Fading Allowance
25. Performance Margin
+24.8
+28.6
+38.6
+18.0
db • Hz
db
db
+20.6 db
-2.5
+18. i
0.0 0.5
1.2 2.3
2.2 2.3
1.0 2.0
0.4 0.4
1.4 2.4
3.6 4.7
0.5 2.0
0.3 0.3
4.4 7.0
0.4 0.4
4.8 7.4
4.8 7.4
0.0
4.8
2.0
6.8
0.0
7.4
2.0
9.4
Med Gain Antenna
(+90 deg)
49 + 34 deg slope
T
sya = lO00°K, max
30 kHz _ I0%
BW - 300 Hz _ 10%
Integration
Time - 0.I see
False alarm
rate = 10 -8
and
probability
of detection
= 99.99%
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1.
2.
3.
4.
5.
6.
7.
8.
9.
I0.
ii.
12.
13.
14.
15.
16.
17.
Table 3.6-33 Telemetry Transmission Relay Link Worst-Case Sample Design Control Table
(Point A in Fig. 3.6-18)
Value
+44.8 dbm
-I.0 db
Parameter
Transmitter Power
Transmitting Circuit loss
Transmitting Antenna Gain +5.0 db
Transmitting Antenna Pointing -5.0 db
Loss
Space Loss F = 400 MH z -152.9 db
R = 2630 km
Polarization Loss -0.2 db
Receiving Antenna Gain +8.0 db
Receiving Antenna Pointing Loss
Receiving Circuit Loss
Net Circuit Loss
Received Carrier Power
Receiver Noise Spectral Density
Predetection Noise Bandwidth
(Bit Rate = 3.6 kbps)
Receiver Noise Power
Carrier-to-Noise Ratio
Data Channel
Threshold Carrier-to-Noise Ratio
(p b = 4 x 10-3; _ = 9.5 db)
e
Performance Margin
(without fading allowance)
-6.0 db
-I.0 db
-153.1 db
-108.3 dbm
-170.6 dbm
+45.1 db
-125.5 dbm
+17.2 db
+2.5 db
+14.7 db
-2.5 db
+12.2 db
+26.7 db
Tolerance (db)
(+) (-)
18. Fading Allowance
19. Performance Margin
Sync Channel
20. E/No at Synchronizer Input
(WT = 9.5 db)
21. Bit Sync Circuit Loss
22. E/No at Phase Lock Loop Input
23. Bandwidth Improvement Factor
24. Signal-to-Noise Ratio in 2 BLO
25. Sync Loop Threshold
26. Performance Margin (without fading
allowance)
27 Fading Allowance
28 Performance Margin
-7.8 db
+18.9 db
+25.5 db 0.5 0.5
1.0 0.0
0.0 0.5
O.5 0.5
0.2 0.3
0.5 0.5
0.0 0.5
i .2 2.3
2.2 2.3
1.0 2.0
0.4 0.4
i .4 2.4
3.6 4.7
i .0 1.0
4.6 5.7
2.0 2.0
6.6 7.7
3.6 4.7
0.5 0.5
4.1 5.2
Notes
30 W (rain)
49 + 34 deg slope
Med Gain Antenna
(+90 deg)
T = lO00°K (max)
sys
32 kHz + 10%
+44.4 db
+20.0 db
+24.4 db
- 2.5 db
+21.9 db
4.6 5.7
i .0 i .0
5.6 6.7
2.0 2.0
7.6 8.7
2 BLO = I0 Hz
4 deg rms jitter
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Parameter
Performance Margin
Nominal Received
Carrier Power
Predetection Noise
Bandwidth
Threshold Carrier-to
Noise Ratio
Parameter Tolerance
Fading Allowance
Table 3.6-34 Link Performance Parameter Definitions
Definition
The ratio of the nominal received carrier-
to-noise ratio to the threshold noise carrier
ratio expressed in db. Link performance
will be considered acceptable when the mar-
gin is equal to or greater than the linear
sum of the link parameter negative toler-
ances & fading margin allowance
That amount of power collected by the re-
ceiving antenna & delivered to the input
of the receiver, expressed in dbm & calcu-
lated from the nominal system parameters
The effective noise bandwidth of either the
mark or space channel at the input to the
detector required to accommodate the _ignal
spectrum due to the data bit rate & frequen-
cy uncertainty
The ratio of carrier power to noise power in
the predetection noise bandwidth required at
the detector so that the maximum acceptable
subsystem bit error rate will not be exceed-
ed
In tabulating the parameter values in the
telecommunications design control tables,
the positive & negative column always have
been assigned in such a manner that toler-
ances appearing in the negative column al-
ways denote a decrease in the signal-to-
noise ratio & those appearing in the posi-
tive column denote an increase
The computed degradation caused by multipath
effects that are manifested in signal fading
when the direct & reflected signals arrive
at the receiver with different characteris-
tics
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Split-Phase
Telemetry
Signal H Multi-VCXO plier
Reduced Power Command]
Switched Input_
Power DC/DC
24-37 vdc Conversion
H H Circulat°r & IAmplifier Outp t Filter RF Output
Incident & JReflected
Power Monitor
Characteristics
Parameter Value
Frequency
Power Output - Operational
Power Output - Test
390 MHz
30.0 w (min)
1.0 w (max)
Frequency Stability
Spurious Outputs
Frequency Deviation
Data Bit Rate
Modulation Bit Rate
Input Voltage
Operating Failure Rate
Weight (Ib)
Size (in.)
Input Power (w)
-5
2x10
Less than -126 dbm
at 405 MHz + 15 kHz
+ 50 kHz
3.6 kbs
7.2 kbs
5.0 v, peak-to-peak
5342 per 109 hr
4.5
4x6x6
I00
Fig. 3.6-21 UHF Transmitter Characteristics
MARTIN MARIE'I'I'A CORPORATION
DENVER DIVISION
i
i
I
FR-22-I03 Vol III Sect I 3.6-65
/
Cavity
Antenna
!
24 in.
I
7 1/2 in. RCP LCP
F Inputs
Feed Circuitry
+I0
t To Crossed Slots t
IMatching I IMatching I
Circuitry I ICircuit ry I
-5
0 I0 20 30 40 50 60 70 80
e (deg)
Circular Polarization Pattern (Infinite Groundplane)
90
Characteristics
Parameters Value
Frequency
Bandwidth
Input VSWR (each port)
Input Port Insolation
Gain
Polarization
Axial Ratio (db)
Power Handling Capability
Operating Failure Rate
Weight
400 MHz, nominal
40 MHz
1.2:1, maximum
20 db, minimum
5.0 + 0.5 db
Right-hand circular & left-hand circular
3.0, maximum
60 w, simultaneously each port
275 per 109 hr
4.0 Ib
Fig. 3.6-22 Low-Gain Antenna Characteristics
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Preselector
Filter &
Preamplifier
Mixer Amplifier
!
Frequency
Multiplier
Crystal
Oscillator Switched_Power
Input
24 to 37 vdc
H Tone
Demodu-
lator
DC/DC
Converter
DC Level
Output
to CSS
Characteristics
Parameter Value
Frequency
Noise Figure
Preselector (80 db) Bandwidth
IF Amplifier (3 db) Bandwidth
405 Ml{z
4.0 db
5 MHz
31 kHz
Dynamic Range
Output
Frequency Stability of
Local Oscillator
Integration Time
Operating Failure Rate
Weight
Size (in.)
Input Power
60 db
4.0 v peak
-5
2x10
0. i sec
1913/109 hr
1.9 Ib
4x6x2
1.0 w
Fig. 3.6-23 UHF Beacon Receiver Characteristics
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Weight= Power_ and Volume - Table 3.6-35 summarizes the weight, power, and
volume requirements of each Surface Laboratory relay communications subsystem
assembly.
Subsystem Reliability - The probability of mission success for the Surface
Laboratory relay communications subsystem is 0.9956. This prediction is based
on the equipment failure rates shown in Fig. 3.6-21 thru 3.6-23 and on the re-
liability mission profile previously described. This prediction exceeds the re-
liability allocation of 0.9865,
For long-term missions, this subsystem provides a functional backup to the
direct communications subsystem. For the initial phase of the landed mission,
before the first setting of the Spacecraft, the direct communications subsystem
backs up the relay subsystem with tape recorders in the SDS. Thus, no Critical-
ity I failure modes exist in the entire Surface Laboratory communications sub-
system.
Sterilization - The selected design was examined to determine the impact of
the sterilization requirement. It is believed that all parts used in UHF trans-
mitter, beacon receiver, and antenna designs can be qualified for the sterili-
zation environment. A potential problem is the effect of the high temperature
on the crystals. Tests conducted in the past have shown that crystals have a
tendency to acquire a permanent frequency offset when subjected to the high tem-
perature sterilization environment. However, this offset is a small part of the
total frequency uncertainty (doppler, long-term stability) and therefore does not
degrade system performance.
Interface Description - The Surface Laboratory relay communications subsystem
electrical interfaces are indicated in Table 3.6-36. The thermal interface for
the radio assembly is a maximum of 2.0 w/sq in. and a maximum of 5°F differential
temperature.
Standardization and Growth - The Surface Laboratory relay communications sub-
system is standardized to meet the requirements for the decade. The combination
of broad antenna pattern coverage of the Surface Laboratory relay antenna and the
SMSE antennas, together with adequate link performance margin, permit satisfactory
link operation for a wide range of missions. The availability of post-land relay
contact time is the limiting constraint on growth for the decade. A reduced bit
rate could allow communication over greater ranges, which will, in turn, permit
longer contact times.
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Surface Laboratory Relay Communications Subsystem Weight, Power,
and Volume Summary
Replaceable Assembly Size (in.) Weight (ib) Power (w)
Radio Assembly
Transmitter
Beacon Receiver
Cables
Structure
4.50
1.9
0.7
2.__/_2
Total Assembly
Antenna & Coupler Assembly
Antenna & Coupler
Cables
Total Assembly
Subsystem Total
10.5 x 7.5 x 9.0
15.5(dia) x 7.5
9.30
4.0
0.__9.6
4.6
i00
1
m
i01
i01
Table 3.6-36 Surface Laboratory Relay Communications Subsystem Elec-
trical Interfaces
Interface Boundary
Telemetry Subsystem
Free Space
Power Subsystem
OSE
STC
CSS
Interface Type Description
Measurements
(Analog)
I. Power output, Tx
2. Reflected Power, Tx
3. Temperature, Tx
4. Final PA Status, Tx
5. Receiver Signal Strength
6. Receiver Command
Data Split phase data
stream, 3.6 kbps
Radiated RF f2 - 390 MHz, left-hand
Power circular polarization,
30 w
2 Switched Prime i00 w maximum and i w max
Power Inputs 24 - 37 vdc
Test Points -
Direct Access
Connector
Command
Control
All non-RF input & output
electrical signals for
fault isolation to the re-
placeable assembly level;
test points are isolated
through a high impedance
An isolated input to the
transmitter controls the
low power mode during post-
sterilization tests
4 vdc (demodulated tone)
to indicate presence of
S/C beacon
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3.6.2.3 Analysis of the Selection of the Preferred Approach and Identification
of Alternatives Considered (Relay Communications System)
The rationale for the selection of the preferred Surface Laboratory relay
communications subsystem considers those requirements that have been derived from
the mission constraints, the selection of design parameters, and the overall sub-
system configuration.
A radio relay link via the Spacecraft is required for transmission of initial
Surface Laboratory science data and engineering data before the onset of the
Martian night, and as a functional backup to the Surface Laboratory direct commun-
ication subsystem. The first requirement is important to protect against the loss
of initial science data for Surface Laboratory failures in the unknown hostile en-
vironment. Furthermore, early scientific data return will aid in reprogramming
the SDS during the first direct link contact, approximately 12 hr later. The re-
quirement for transmission of data right after landing is easily implemented be-
cause the Spacecraft is still in sight and is instrumented to receive relay data
for the Capsule Bus descent mission.
For the remaining part of the landed mission the relay communications subsys-
tem provides functional backup for the transmission of science and engineering
data at a cost of 14.1 ib, and approximately 40 wh per contact. The direct link
is selected as the prime communication mode following the initial relay trans-
mission because it provides doppler tracking from the DSlF, permits rapid command
acquisition and real-time control of the science experiments, and because the re-
peatability of subsequent daily relay contacts cannot be guaranteed for all Space-
craft orbits.
The bit error rate is apportioned at 4 in i000 for the Surface Laboratory-to-
Spacecraft link and I in i000 for the Spacecraft-to-Earth link. As a consequence
of having a relay link, the end-to-end specified bit error rate of 5 in i000 must
be apportioned between the two radio links. The Spacecraft-to-DSlF link can be
well defined, with few mission parameters being variables. This is not true of
the link from the Surface Laboratory to the Spacecraft. A variety of mission
variables affect the environment in which the Surface Laboratory communications
subsystem must perform. The sensitivity of the link performance to mission-de-
pendent parameters (surface slope, orbit ground track) makes apportionment of 4
in i000 errors to the Surface Laboratory-to-Spacecraft relay link desirable.
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A bit rate of 3.6 kbs is selected for several reasons. First, it permits the
Capsule Bus and Surface Laboratory to use a common relay receiver on board the
Spacecraft. Second_ it is within the capability of the Spacecraft data inter-
face allowing real-time relay transmission to Earth. Third, it allows sufficient
backup to the direct link in terms of data capacity (5 x 106 bits for any contact
times greater than 23 minutes).
A low-power mode has been selected for test operations inside the sealed
sterilization canister. This is required to prevent accidental squib firing due
to local high RF fields caused by reflections inside the Capsule Bus. Alternative
methods include switching the RF power into a dummy load and the use of a hat over
the antenna. Direct-current switching is preferred to RF switching for three
reasons :
i) DC switching is more reliable than RF switching
2) The antenna and connecting cables are not tested if RF switching is used
3) DC switching imposes a negligible weight penalty compared to the dununy
loads required for RF switching.
An RF hat would be the best simulation because the communication subsystem
would operate in the flight configuration. This method was rejected because of
the potential safety hazard if the RF hat is not tightly coupled to the antenna,
and because of potential damage to the antenna under launch vibration conditions.
Further investigation into the detailed RF hat design problems should be planned
for Phase C.
Design Parameter Selection - One basic relay link parameter is the transmitter
radio frequency. The selection of 400 MHz is made mainly to ease the antenna inte-
gration into the Surface Laboratory and Spacecraft vehicles. For fixed gain, the
antenna volume is inversely proportional to the cube of the transmitter frequency
for a cavity-type antenna configuration.
The system weight for a given communication performance increases at frequen-
cies below about 200 MHz primarily because of galactic noise. At frequencies
above 400 MHz the weight increases primarily because of path loss (6 db per octave
of frequency). Between 200 and 400 MHz the system weight is relatively insensitive
to frequency and the choice within this range can be based on the ease of inte-
grating the antenna design into the vehicle and compatibility with Capsule Bus
frequency to enable use of a common receiver.
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The choice of modulation technique was made primarily on the basis of stand-
ardization of receivers aboard the Spacecraft, although there does exist a mod-
erate multipath environment in which the relay link must operate due to antenna
back lobes. Two modulation techniques were analyzed -- coherent PSK and nonco-
herent FSK. An optimized coherent PSK has a potential advantage of 3 db but is
very sensitive to accurate knowledge of the multipath environment and mission geom-
etry. The noncoherent FSK is more rugged, i.e., insensitive or very tolerant to
varying multipath conditions. Therefore, the more conservative and standardized
noncoherent FSK modulation technique is selected for the preferred configuration.
The Surface Laboratory transmitter power level was selected at 30 w, identical
to that of the Entry Science Package transmitters, for two reasons: to permit use
of the relay link at extended ranges over the decade, and to standardize on a
single transmitter development for Entry Science Package and Surface Laboratory.
Subsystem Configuration - The single nonredundant Surface Laboratory relay is
selected because it is in itself a backup to the direct communications subsystem.
Additional weight for redundancy in the relay communications subsystem is there-
fore, not justified.
It is recognized that an integrated relay communications subsystem approach
warrants serious consideration if the requirement for modularity is relaxed in
the future. Figure 3.6-24 is a block diagram of an example for such an integrated
relay communications subsystem serving the Capsule Bus, Entry Science Package, and
Surface Laboratory, using a single set of communication equipment located in the
Capsule Bus. It uses identical dual transmitters operating online in parallel
redundancy, with the requirement to switch the RF power levels during entry (at
about 75,000 ft altitude) for low- and high-bandwidth operations. Two subcar-
riers handling all data are frequency division multiplexed and the composite sig-
nal phase modulates the transmitters.
A comparison of key features of this integrated approach with the preferred
configuration is shown in Table 3.6-37. The integrated design has a potential
for savings in weight and volume at the expense of increased hardware complexity
and increased signal interface complexity. In view of our recommendation to se-
lect FSK modulation as being less sensitive to multipath, this particular approach
would require further investigation of the effects of multipath for the necessary
PSK/PM modulation. In view of these considerations, we do not believe that weight
savings of 22 ib merits a deviation from the modularity concept in this case.
Separate relay communication subsystems for the Capsule Bus, Entry Science Package,
and Surface Laboratory are therefore chosen as the preferred configurations.
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3.6.2.4 Trade Study Summaries (Relay Communications Summary)
3.6.2.4.1 Radio Relay Link Antenna Studies
The relay link antenna study includes a consideration of the transmitting an-
tenna on the Surface Laboratory. The Surface Laboratory relay link is comprised
of a transmitting and a receiving channel in the 400 MHz band. Required band-
widths were determined from the trajectory data.
Polarization selection was based on the desire to use the same antenna for two
separate RF channels, indicating the need for two isolated ports. This Surface
Laboratory antenna must survive the landing shock and radiate the required power
without breakdown on the Martian surface. The constraints resulting from these
studies are listed below. Fixed body mounting is assumed.
Constraints, Surface Laboratory Antenna
Parameter Value
Frequency
No. of Ports
Bandw id th
3-db Beamwidth
Gain, over 3-db Beamwidth
Gain, over Hemisphere
Polarization
Power Hand ling
400 MHz
2
40 MHz
120x120 deg
+ 2 dbi (min)
- 3 dbi (min)
RC, LC
30w
A number of candidates for the Surface Laboratory antenna were examined, in-
cluding the cup helix, the cavity backed crossed slot, the curved dipole turnstile,
the cup-dipole turnstile and the annular slot. These were all evaluated against
the constraints of gain pattern, power handling, polarization diversity, and size.
Such antenna parameters as weight, complexity, sterilizability, proven space use,
and sensitivity to the environments were also analyzed.
Gain patterns with an infinite ground plane and patterns with isolated small
ground planes were both used in these comparisons. The actual pattern is somewhat
unpredictable, since it depends on the vehicle shape. It is assumed that the
pattern will lie somewhere in between the two configurations considered, except
perhaps for small anomalous regions in the pattern caused by irregularities in
the vehicle.
Data on the antenna breakdown are based on extensive tests of various antenna
types in simulated Martian atmospheres at various frequencies and pressures.
These tests are described under "Antenna Breakdown Experimentation."
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• The two criteria given the greatest weight in the comparison study are power-
handling capability and gain pattern. Among the antenna tested, only the cavity-
backed crossed slot satisfied the gain pattern constraints specified above. The
cavity-backed crossed slot and the annular slot had substantially better power-
handling capability than the other candidates. The cavity-backed crossed slot is
selected on this basis even though it compares rather poorly with some of the other
candidates in size and weight.
It has been determined by tests (described below) that a simple printed circuit
version of the cavity-backed crossed slot will break down at around 60 w at the
critical pressure. This provides a 2:1 safety margin over the power handling re-
quirements for the Surface Laboratory relay antenna.
A preliminary study has been carried out to determine the effect of ground re-
flections from the surface of Mars on antenna patterns. It has been shown that
the maximum value of the circularly polarized, reflected component (having the
same polarization sense as the direct wave from the antenna) has a relative mag-
nitude equal to the arithmetical average of the vertical and horizontal reflection
coefficients magnitudes. The maximum value occurs when the orthogonal components
are in quadrature. The reflected energy may either increase or decrease the di-
rect wave, depending on the relative path length difference between the direct and
reflected wave paths. Employing available reflection coefficient data reported to
be representative of typical Martian surfaces, variation boundaries from the free
space patterns are shown for two antennas in Fig. 3.6-25 where e represents angle
from boresight of the antenna.
For a circularly-polarized, isotropic antenna, the variation is about +3 db
over a half cone angle of some 60 deg. For an assumed circularly polarized, car-
dioid pattern (which is close to the desired coverage shape for the Surface Lab-
oratory relay), the decreased downward radiation results in minimal pattern change
over a half cone angle of about 60 deg.
3.6.2.4.2 Antenna Breakdown Experimentation
Martin Marietta has been conducting tests to examine voltage breakdown con-
ditions over the range of gas composition for Martian atmospheres VM-I thru VM-IO.
Design data for representative Voyager Flight Capsule antennas have been compiled
and methods considered for improving the power-handling capabilities of these an-
tennas.
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Fig. 3.6-25 Ground Reflection Effect on Free Space Antenna Patterns
The breakdown facility is installed in an anechoic chamber to minimize re-
flections. The antenna to be tested is installed over a ground plane and placed
in a plastic vacuum chamber. The cylinder of the gas model under investigation
is connected to the regulated gas supply line and bled into the vacuum chamber to
the test pressure. Two polonium 210 ionization sources (500 p curie each) pro-
vide a source of electrons to start the ionizing collision and to assure uniform
results.
NASA has developed models of the Martian atmosphere consisting of five differ-
ent mixes of CO2, N 2, and A as shown below:
i) 20% CO 2, 80% N 2
2) 100% CO 2
3) 70% CO 2, 30% A
4) 30% CO 2, 30% N2, 40% A
5) 10% CO 2, 70% N2, 20% A.
These gas mixtures were used in tests to determine gas mixture effect on an-
tenna breakdown. The tests were carried out using a 1/4 wavelength monopole cut
to a frequency of 420 MHz.
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Figure 3.6-26 shows the composite breakdown curve of the five different mix-
tures. CO 2 and the mixtures with a high percentage of CO 2 form the left bound-
aries of the curve. Air forms the right boundaries of the curve. The mixture of
20% CO2, 80% N 2 holds close to the curve for air that would be expected since air
is about 80% N 2. The mixture with 40% Argon is nearly midway between the bound-
aries. These data show that over a wide range of altitudes, gas composition has
a minimal effect on the power-handling capability of the monopole antenna.
A printed circuit direct fed 420 MHz crossed slot with cavity backing was
tested and broke down at approximately 60 w at 170,000 ft in all atmospheres. A
foam filled cavity-backed 233 MHz slot antenna could not be broken down with 250 w
of power in air, C02, or an atmosphere of 30% C02, 30% N2, and 40% Argon. There
was no indication of corona and the VSWR was constant over the pressure range
corresponding to earth altitudes up to 230,000 ft.
This effort is continuing and tests are to be conducted on a number of other
basic antennas among which are 200 to 400 MHz cavity-backed spirals, S-band cupped
turnstiles, and S-band cupped helix feeds.
At this point, the preliminary conclusions on voltage breakdown in the Martian
atmosphere are :
i) The atmosphere of Mars will probably have much the same breakdown char-
acteristics as the atmosphere of Earth at the same pressure
2) The atmospheric pressure on the surface of Mars appears to be close to the
critical breakdown region of the gases that constitute that atmosphere,
thus supporting plans for further testing
3) The Surface Laboratory cavity-backed crossed slot antenna design will han-
dle the power of 30 w from the Surface Laboratory transmitters without
breaking down.
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3.7 Power Subsystem
This subsection discusses the power subsystem requirements and constraints,
the preferred preliminary design, analysis of the selection of the preferred ap-
proach and identification of the alternatives considered, and the subsystem anal-
yses and trade studies.
3.7.1 Requirements and Constraints
Functional, design, and interface requirements having a major impact on the
selection of a Surface Laboratory power subsystem configuration are summarized
in Table 3.7-1.
3.7.2 Preferred Preliminary Desisn
3.7.2.1 Subsystem Definitions
A battery configuration using sterilizable silver-zinc batteries, the preferred
subsystem design, meets the minimum operational life time of one Mars diurnal cy-
cle plus the time required to transmit all acquired data.
Table 3.7-1 Surface Laboratory Power Subsystem Re(
Functional & Design Requirements & Constraints
Provide primary power source & associated switching,
distribution, & fault protection for equipment bus
Provide primary power source
& distribution for pyrotechnic bus
Withstand temperatures encountered in sterilization
Meet environmental extremes encountered from launch
through landing
Equipment batteries & pyrotechnic batteries to be
maintained within temperature limits of 50 to 90°F
subsequent to terminal sterilization and formation
charging
Components and design techniques are within state-
of-the-art technology & have been proved through use
Design for the long-range program
Complete testability before being committed to launch
No single failure can result in mission failure
No switching condition or single failure allows
power to be supplied to the Spacecraft
uirements & Constraints
Surface Laboratory/Capsule
Bus Interface Requirements
& Constraints
The electrical interface
between the Surface Labo-
ratory and Capsule Bus is
to be an electrical con-
nector located on a struc-
tural field joint
Power to be supplied from
the Capsule Bus adapter
for charging of equipment
batteries and pyrotechnic
batteries
Power to be supplied from
Capsule Bus adapter volt-
age regulator during pe-
riods of computer memory
update before separation
Preferred Configuration - The Surface Laboratory power subsystem is a 30 vdc
(nominal) system, using sterilizable, silver-zinc (Ag-Zn) batteries to provide
the energy required from power transfer until 50 hr after landing. Power from
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the Spacecraft is used during the cruise phase. A block diagram of the power
subsystem configuration is shown in Fig. 3.7-1.
During the cruise phase, power is used by the Surface Laboratory for heating
the TV vidicons. The TV vidicons receive power for approximately 5 min each 30
days. At these times the general heating load is reduced by turning off sections
of the thermal control subsystem heaters. Each of the Surface Laboratory batteries
has charging power provided by a constant voltage charger. Each battery charger
can be turned on or off by command. Diodes are provided in series with the bat-
teries to prevent discharge of a battery if a fault should occur in the charger
or in the wiring and connectors between the charger and battery.
Power to the Surface Laboratory for update of memories in the Surface Labo-
ratory command and sequencing subsystem and science data subsystem is provided
through the equipment voltage regulator, diode isolation assemblies, and load
control assembly. The voltage regulator keeps the raw power voltage within the
normal battery voltage limits. The diode isolation prevents power loss if a
single failure occurs between the redundant voltage regulators and the load con-
trol assembly. Fault protection for the power bus and control of power to equip-
ment are provided by the load control assembly. Power to each critical load is
provided through two redundant power control and fault protection circuits to eli-
minate power loss due to a single failure.
Three ii0 ah sterilizable Ag-Zn batteries provide operating power for the
Surface Laboratory from power transfer until 50 hr after landing. This power is
provided through the diode isolation assembly, power transfer switches, and load
control assembly to the loads. Diode isolation prevents the discharge of all
batteries because of a short in one battery or in the wiring. The power transfer
switches are wired in parallel to permit connection of the batteries to the load
by either switch.
The conversion equipment provides dc isolation between the Spacecraft and
Surface Laboratory power grounds. The grounding method used for the equipment
bus is shown in Fig. 3.7-2. A ground bus is used for all insensitive equipment.
A single point ground is used for sensitive critical loads. This combines the
advantages of the reduced weight of the ground bus with the low common impedance
of the single-point ground. The reference to structure is through an isolation
network, consisting of a resistor with an RF bypass capacitor. With this isola-
tion, a fault from a positive feeder to structure does not cause a power loss to
a load.
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The pyrotechnic battery assembly consists of two 4-ah, sterilizable, Ag-Zn
batteries in a single case with two isolated outputs. These batteries supply the
energy to fire pyrotechnics in the Surface Laboratory. The negative bus of the
pyrotechnic subsystem is referenced to structure through an isolation resistor,
preventing significant current flow through the structure in case of a squib-to-
structure short.
Performance Parameters - The power subsystem provides battery power to the
equipment bus from power transfer until 50 hr after landing. Pyrotechnic bus
power for the Surface Laboratory is provided by the pyrotechnic batteries.
The sequence of events for the Surface Laboratory is listed in Fig. 2.2-4.
The total energy required is 9478 wh. The maximum load is 374 w; the minimum load,
129 w. The required equipment operation-tinges, loads, and energies are listed in
Table 3.7-2. Figure 3.7-3 shows the load profile supplied by the Surface Labora-
tory power subsystem for a two-day mission in 1973.
Batteries in the Surface Laboratory power subsystem supply pyrotechnic power.
The maximum load for the system is 72 amp. The necessary functions and currents
at a minimum battery voltage, 20 vdc, are itemized in Table 3.7-3.
Power Quality - Voltage limits for the Surface Laboratory batteries are based
on a minimum output voltage of 26 vdc, a temperature range of 50 to 90°F, the ef-
fect of the loss of one battery, and the load profile shown in Fig. 3.7-3. To
meet these requirements, the voltage at the battery terminals varies from 26 vdc
at maximum load and minimum temperature with one battery failure to 37 vdc at
minimum load and maximum temperature with no battery failure. Allowing 2 v for
line and diode drop, the bus voltage limits are 24 to 37 vdc.
Transient limits of 21 vdc to 40 vdc are set a 3 v below and above the mini-
mum and maximum bus limits of 24 and 37 vdc, respectively. Past experience has
shown that the 3-v limit can be maintained with proper transient suppression in
the loads.
Noise and ripple limits are a maximum 2 v peak, of which not more than 1.0 v
peak will be generated by ground equipment or Capsule Bus voltage regulators (as
applicable), and not more than 1.0 v peak will be generated by the vehicle loads.
These limits can be met with reasonable filter requirements.
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Surface Laboratory Equipment OperatingTimes,
Loads, and Energies
Time Load Energy
(min) (w) (wh)
Sequencer/Timer
Command Decoder
Surface Laboratory Heaters
Data Encoder
Transducer Power Supply
High-Gain Antenna Drive
Dual Command Detector
3OO0
3000
3000
1359
1359
3000
3000
12.0
i0.0
25.8
I0.0
2.0
1.8
3.0
600
500
1040
226
46
91
150
Power Amplifier
Modulator Exciter & Selector
UHF Transmitter
S-Band Receiver
Beacon Receiver
Television Camera
Alpha-Scattering/Mass Spectrometer
Gas Chromatograph/Mass Spectrometer
Biological Analyzer
Metabolic Detector
Insolation
Atmospheric Monitor Instruments
Science Data System
Sample Acquisition & Processing
(SAP) Drill
SAP Transport & Processor
1330
1330
74
3000
3000
153
1290
420
120
1910
3000
3000
3000
15
15
84.0
2.8
i00.0
5.8
1.0
26 (avg)
2.0
14.0
5.0
5.0
8.0
6.5
54.0
230.0
i0.0
1862
62
124
290
5O
66
43
98
i0
159
400
325
2700
58
3
Subtotal 8903
Losses (Wiring & Diode) 575
Total 9478
Voltage limits for the pyrotechnic power system are not critical, because the
loads are sensitive to the delivered current, not to the voltage. Based on the
system design requirements, a minimum battery voltage of 20 vdc will be available.
Based on the loads listed in Table 3.7-3, the maximum and minimum battery voltages
will be 40 and 20 vdc.
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Table 3.7-3 Surface Laboratory Pyrotechnic Loads
Function Function Load (amp)
22Release High-Gain Antenna Boom
Release Subsurface Soil/Surface Gas Collector
Housing
Release Atmospheric Experiment Boom
24
24
Total for Event 72
Release TV Camera i
Release TV Camera 2
Release Metabolic & Alpha-Scattering/Mass
Spectrometer Dust Covers
24
24
24
Total for Event 72
Release Metabolic & Alpha-Scatter Experiments
Open Atmospheric Gas Sample Collector
Release Internal Collector Assemblies
24
24
24
Total for Event 72
Spray Metabolic Substrate on Surface 72
Total for Event 72
Performance Margin - The voltage limits on the equipment bus are 24 to 37 vdc.
There are diode, wire, and contact losses between the batteries and the loads as
seen in Fig. 3.7-1. At the maximum voltage, these losses are very small due to
the light loads. However, at the minimum voltage, the diode loss is approximately
1.0 v, and the loss in the wire and contacts is approximately 0.5 v. By allowing
a 2-v difference between the battery minimum voltage and the bus minimum voltage,
a 0.5 v margin is maintained.
Subsystem Reliability - Table 3.7-4 gives the summary data for the Surface
Laboratory power subsystem battery configuration. The prediction is based on past
and present failure rate data and includes all phases of the Surface Laboratory
mission from prelaunch through mission complete (touchdown plus 50 hr). It takes
into account both the operating and nonoperating periods of each component of the
preferred configuration depicted in Fig. 3.7-1. The upper and lower bounds are
based on estimates of potential improvements or setbacks in the state of the art
encountered during development of sterilizable components.
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Table 3.7-4
Allocation
Mean Prediction
Upper Bound Prediction
Lower Bound Prediction
FR-22-I03 Vol III Sect I
Surface Laboratory Power Subsystem
Reliability Summary
Mission Reliability
.964
.9829
.9860
.9798
3.7-9
A failure modes, effects, and criticality analysis (PMECA) of the Surface
Laboratory power subsystem has been performed. For each circuit element with a
failure mode or effect that results in complete loss of the power subsystem or
loss of all data (Criticality I failures), corrective action, cooperative multi-
channel redundancy or the use of special packaging provisions, has been taken as
summarized in Table 3.7-5.
The subsystem batteries have been sized to successfully accomplish the mis-
sion, with degraded capability under failure conditions. A single battery loss
will yield 67% of the landed mission.
Sterilization- The sterilization requirements have imposed restrictions.
Material changes in existing motor-driven switches must be made and the standard
Ag-Zn battery must be redesigned to meet the sterilization temperature require-
ments. New cell separation material and cell case material must be developed.
These batteries must then complete all sterilization temperature cycles before
receiving formation charge. As a result of this limitation, faulty batteries
might not be detected until the terminal sterilization cycle is complete. The
complex and time-consuming operations required to replace any failed Flight Cap-
sule hardware after terminal heat sterilization places extreme emphasis on the
manufacture, inspection, and testing procedures of this hardware before Flight Cap-
sule installation. The present state of the art of heat sterilizable Ag-Zn bat-
teries is not compatible with these system requirements.
The previous planetary spacecraft programs that have used Ag-Zn batteries did
not require the vehicle to be heat sterilized. These programs have also recognized
the somewhat unpredictable life characteristics of Ag-Zn batteries and have planned
the spacecraft prelaunch operations to permit fabrication, selection, and installa-
tion of the batteries at the last possible moment before launch.
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To meet the need for a heat-sterilizable Ag-Zn battery for the Capsule Bus
System, the scope and pace of the present government-sponsored battery develop-
ment programs must be increased to develop a battery that (i) meets the Voyager
Flight Capsule sterilization and life requirements, (2) can be tested or evaluated
before Flight Capsule installation to reduce the probability of a post-terminal
heat sterilization battery failure, (3) can meet all Voyager Flight Capsule
electrical and environmental requirements, and (4) can be manufactured on a
schedule compatible with Voyager requirements.
As an alternative, or in conjunction with the above, a concept in which the
Flight Capsule batteries are installed after terminal heat sterilization is com-
pleted might be studied. This procedure would require development of sterile
battery fabrication and sterile insertion techniques.
3.7.2.2 Physical Characteristics
Surface Laboratory Power Distribution Assembly - The power distribution as-
sembly contains power transfer switches and the load control assembly.
The power transfer switches are four-pole double-throw (4PDT) motor-driven
switches, requiring an input current of approximately 8 amp for 75 ms and having
contact current ratings of 30 amp. Similar units have been used on Surveyor as
power transfer switches and have been developed as fuel cell power transfer
switches for Apollo. This type of switch has been used in the Titan missile pro-
grams under more severe vibration and shock conditions than expected in Voyager.
However, the qualification sterilization temperature requirement (1350C) will re-
quire some material changes.
The load control assembly consists of approximately 35 4PDT magnetic latch-
ing relays having contact current ratings of _ i0 amp. They supply power to each
individual load on receipt of momentary discrete signals from the sequencer/
timer. These units are also fault protection devices in that a fault sensed by
a current winding associated with a particular load feeder triggers an electronic
switch that, in turn, opens the relay associated with that feeder.
MARTIN MARIETTA CORPORATION
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A typical fault protection circuit, depicted in Fig. 3.7-4, operates as fol-
lows. The load control relay is energized, closing the relay contact and supply-
ing power through a load current sensing coil to the load. The coil is wound
through adc transformer, a magnetic device operating on the equal-ampere-turn
principle. The ac windings are wound in opposition, canceling the fundamental
and odd harmonics and providing two output pulses per cycle that are proportional
to the load current. These voltage pulses are supplied to the relay driver cir-
cuit, which remains off until the predetermined threshold is reached. The thresh-
old circuit maintains the relay driver in the off-state at normal load current
plus a safety factor. A fault on the load side of the current sensor increases
the threshold voltage, triggering the relay driver and deenergizing the associated
relay. The load current then diminishes, reducing the threshold voltage and turn-
ing off the relay driver.
The relays require 50 ma, 50 ms pulses for transfer. Similar parts are on
the JPL approved sterilizable parts list.
Equipment batteries I, 2, and 3 are ll0-ah, 20-cell, sealed, sterilizable,
Ag-Zn units having a limited recharge capability. The battery voltage range is
approximately 26 to 37 vdc. Electric Storage Battery Company (ESB) is develop-
ing similar units under contract to JPL.
Total battery energy densities of 25 to 43 wh/lb of packaged batteries should
be attained within a 15 to 150 ah range for the 1973 Voyager mission (Fig. 3.7-5).
Curve A depicts the energy density for a battery designed to meet a hard lander
shock requirement (i0,000 g); Curve B, the Voyager Flight Capsule 2400-g peak
shock requirement. The 2400-g shock requirement is being used in the preferred
design.
To satisfy the sterilization temperature requirements, the cell formation
charge is applied after the terminal sterilization cycle. This is a significant
problem since it is not known whether the battery is good until the formation
charge is applied. Should the battery be unacceptable for any reason, the Flight
Capsule must be disassembled to remove and replace the battery, making all previ-
ous sterilization invalid.
To determine whether the formation charge is sufficient, the open circuit
voltage and voltage change of each battery cell must be monitored as several step
loads are applied to demonstrate proper voltage balance between cells. This ne-
cessitates ground monitoring of all cell voltages through the sterilization can-
ister after terminal sterilization and requires an OSE-controlled telemetry multi-
p]e×er within the Flight Capsule to handle the measurements.
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Pyrotechnic Battery Assembly - Surface Laboratory - This assembly contains
two isolated 4-ah, 21-cell, sealed, sterilizable, Ag-Zn batteries with a limited
recharge capability. The battery voltage range is from 20 to 40 vdc. The energy
density will be less than 20 wh/ib since the battery case weight is a considerable
portion of overall battery weight for a small-capacity battery.
Weight and Volume - The physical characteristics for the Surface Laboratory
power subsystem are summarized in Table 3.7-6.
Table 3.7-6
As semb ly
Power Distribution
Assembly, Surface
Laboratory
Equipment Battery 1
Equipment Battery 2
Equipment Battery 3
Pyrotechnic Battery
As semb ly
Surface Laboratory Power Subsystem Equipment List
Subassembly
Load Control Assembly
Power Transfer Switches (2)
Isolation Networks (2)
Shunts (6)
Diode Isolation (7)
Pyrotechnic Battery i
Pyrotechnic Battery 2
Individual
Component
Weight
(ib)
ii .8
2.5
0.37
0.25
0.2
80.0
80.0
80.0
7.0
7.0
Total
Weight
(ib)
29.3
80
80
80
14
Total
Volume
(cu in.)
1417
Ii00
Ii00
ii00
294
Total -- 283.3 4811
Note: The numbers in parentheses indicate total quantities used.
3.7.2.3 Description of Interfaces
The Surface Laboratory power subsystem interfaces are of two types -- ground
and flight. For a description of the ground interfaces, refer to Section II
paragraph 2.9 of this report. The flight interfaces are defined in Table 3.7-7.
3.7.2.4 Standardization and Growth
Standardization - Standardization of the Surface Laboratory power subsystem
is provided at the component level. All components with the exception of the
equipment batteries, are used throughout the decade. The batteries are replaced
with a radioisotope thermoelectric generator (RTG) power source and its asso-
ciated equipment Figure 3.7-6 shows the equipment common for the decade.
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Growth - To meet the power and time demands for later missions, the power
source will be RTGs. Figure 3.7-6 shows an alternative configuration for the
1973 mission using two 83-w RTGs. This configuration may be expanded by adding
RTGs and changing the battery size. Table 3.7-8 lists the growth combinations
possible using RTGs with a silicon-germanium thermoelectric hot junction temper-
ature of 1250°F for an 83-w unit and 1500°F for a 138-w unit. For attitional
information on the RTG systems and growth see Volumes VI and VII.
Table 3.7-8 Growth Potential, Surface Laboratory Power Subsystem
RTG
Quantity
2
2
4
4
T/E
Hot Junc-
tion Temp
(°F)
1250 °
1500 °
1250 o
1500 °
Power/
RTG (w)
83
138
83
138
Total
Power
(w)
166
276
332
552
RTG
Wt (ib)
3O8
320
616
640
Converter
Wt (ib)
32
43
48
69
Total Wt,
RTG & Con-
verter
(ib) t
340
363
664
709
*This weight is for the complete RTG plus the weight of the release mechanism
for each unit but does not include mounting structure.
_Weights of the battery charger-regulator, battery, and load resistors are not
included in the table since they depend on the load profile.
3.7.3 Analysis of Preferred Approach Selection and Alternatives Considered
(Rationale)
3.7.3.1 Criteria for Selection
In addition to the criteria imposed by the requirements and constraints
listed in paragraph 3.7.1, performance, reliability, failure modes, and the ef-
fects of sterilization were given prime consideration.
3.7.3.2 Power Source
As a result of a trade study of electric power sources, sterilizable, sealed,
Ag-Zn batteries were selected for the 1973 Surface Laboratory minimum-lifetime
requirement. For later missions requiring power for periods up to 24 months,
RTGs and rechargeable nickel-cadmium batteries are recommended. Other power
sources considered included solar cells, chemically fueled turboalternators,
and other less acceptable sources.
Batteries - Data from the Electric Storage Battery (ESB) Company, which were
derived from a JPL contract for the development of sterilizable Ag-Zn batteries,
indicate that total battery energy densities of 25 to 43 wh/ib, as shown in
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Curve B of Fig. 3.7-5, should be attainable for the 1973 Voyager mission. The
design constraint that no potential single failure mode shall cause a catastropic
effect on the mission or loss of all data requires that a minimum of two batter-
ies be used. Selection of the optimum size batteries then becomes a system weight
tradeoff. Using energy density Curve B of Fig. 3.7-5, the single failure con-
straint, and accounting for total supporting equipment weights, Fig. 3.7-7 shows
the optimum battery configuration to be three ii0 ah batteries. The system
weights shown include batteries, chargers, and diode isolation.
Very limited information concerning charging techniques and effects of
sterilization on battery cycle life and capacity is available. Martin Marietta
is procuring silver-zinc cells from ESB and nickel-cadmium cells from Gulton and
Sonotone. Starting in September 1967 these cells will be tested to typical
Voyager sterilization and load profiles to obtain additional performance data.
As part of this program, battery charging circuits are being breadboarded and
will be tested along with the sterilizable cells.
Radioisotope Thermoelectric Generator (RTG) - Detailed trade studies of an
RTG for the Voyager mission were performed and are reported in Volume VI. These
studies included fuel selection, conversion methods, thermoelectric material se-
lection, nuclear radiation analysis, modular design concepts, thermal integra-
tion techniques, magnetic interference reduction techniques, and nuclear safety
studies.
The results of these studies indicate that a modular unit using Pu-238 fuel,
silicon-germanium thermoelectric material, and designed for intact reentry would
best serve the needs of the Voyager program. The major problems in development
of this system, as seen at this time, are:
I) Development of a high-temperature heat source. This is primarily a ma-
terials problem in the fuel capsule. The silicon-germanium RTG can be
operated at low temperature and later increased from 0.6 to 0.9 w/ib by
increasing to a higher operating temperature (the w/ib figures are based
on intact reentry being required, resulting in a severe weight penalty).
Four programs are presently planned by the Atomic Energy Commission (AEC)
to develop high-temperature fuel capsules. Therefore, this technology
should be available by the 1975 mission
2) Design for intact reentry. No present RTGs are designed for intact re-
entry in the fueled condition. This will require a new RTG design and a
severe weight penalty. It is anticipated that intact reentry will be an
AEC requirement.
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An alternative approach of providing RTGs as the power source in 1973 would
have many advantages including:
i) Extension of the operating time from hours to months on the Martian sur-
face. This would provide season change information and make the 1973
mission more rewarding
2) The use of RTGs in the initial design would minimize changes to the
Flight Capsule in later missions to attain the goal of a 24-month oper-
ating lifetime on Mars
3) The use of a technology that has utility in evolution of Flight Capsule
design in the long-range program would enhance long-term power system
availability for the 1975-and-up missions
4) The development of an RTG for the 1973 mission would provide a backup
to the sterilizable battery development program. If the present steri-
lizable battery program does not produce a device as now anticipated,
only the RTG power system could be designed to absorb this deficiency
without too great a penalty.
Figure 3.7-6 is a block diagram of an alternative power subsystem configura-
tion for 1973 using two 83-w RTGs as the energy source. The modules use Pu-238
fuel and silicon-germanium thermoelectric material. For 1973 the thermoelectric
hot junction temperature would be 1250=F; however, for later missions this tem-
perature can be increased to 1500°F, resulting in an output power of 138 w/module
with more modules added to provide the required power.
The system design is based on an extended load profile as shown in Fig.
3.7-8. This profile minimizes the average power by performing experiments one
day and transmitting the data during the next two days. In a six-day period,
all of the functions defined in the sequence of events shown in Fig. 2.2-4 are
performed. Continuous loads include thermal control subsystem, science data
system, command receivers, and command and sequencing subsystem.
Power is supplied by the RTGs through the power converter and diodes to the
power transfer switch. The converters transform the 13-vdc output of the RTGs to
the nominal 30v required by the using equipment. The diodes are provided in
series with the converters to prevent loss of the entire system if a fault should
occur in a converter or in the wiring from the converter.
The battery charger-regulators provide charging control of the nickel-cadmium
battery. The regulator maintains the load on the RTG constant by providing an
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additional load during periods of low power usage. The battery charger provides
control of the charging voltage and the charging current for the nickel-cadmium
batteries.
Two 12-ah nickel-cadmium equipment batteries provide additional energy during
high power usage periods and are recharged during low power usage periods. Diodes
are provided between the batteries and the power transfer switch to prevent loss
of the entire system if a fault should occur in a battery or in the wiring from
the battery.
Table 3.7-9 is a comparison of the weights and quantities of hardware'required
for the preferred and alternative configurations. The battery configuration,
although the lightest, will provide only 50 hr of operation on Mars.
Table 3.7-9 Power Subsystem Weight Comparison
Equipment Battery (Ag-Zn, II0 ah)
Preferred
Battery Configuration
Quantity
Weight*
(ib)
240
Alternative
RTG Configuration
Pyrotechnic Battery (Ag-Zn, 4 ah)
Power Transfer Switch
Load Control Assembly
Diode Isolation Assembly
Isolation Network Assembly
Shunt
Isolation Resistor
2
2
1
5
1
6
1
14.0
5.0
ii .8
5.0
0.4
1.5
Equipment Battery (Ni-Cd, 12 ah)
RTG (Si-Ge, 83 w)
RTG Power Converter
Battery Charger-Regulator
RTG Load Resistors
Total 277.7
Quantity
Weight*
(Ib)
14.0
5.0
II .8
6.0
0.4
1.8
60.0
.0
32.0
18.0
3.0
460.0
*Does not include packaging & Cabling.
The RTG configuration has the advantage of extending the operating life to
two years on the Martian surface and provides a backup power source if develop-
ment of sterilizable Ag-Zn batteries does not prove feasible.
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3.7.3.3 Power Conditioning and Distribution
As a result of a trade study of power conditioning and distribution choices,
the following decisions were made:
i) Grounding - The recommended bus grounding is a single-point ground iso-
lated from structure by a resistor-capacitor assembly as shown in Fig.
3.7-2. All sensitive equipment is returned to the single-point ground
by individual negative return wires, and nonsensitive equipment is
grounded to a negative bus that is wired back to the single point ground.
This permits such equipment relatively unaffected by interaction between
circuits as relays, valves, and motor-driven switches to be connected to
the ground bus, thus saving the weight associated with wiring all nega-
tive returns to the ground point. Sensitive equipment then is returned
to the single-point ground by individual negative return wires, elimi-
nating common impedance paths and establishing an equipotential ground
reference. Isolation of the negative ground point by a high impedance
to structure prevents loss of the power system in the event of a positive
bus short to structure. Other grounding methods considered included
a) Multiple-point grounding using structure as the return conductor
b) Single-point grounding returning all negative returns to a single
point
c) All equipment connected to a ground bus that is connected to struc-
ture at a single point
2) DC vs AC distribution - A dc power distribution system is recommended.
Because of the no single failure mode criterion, ac distribution would
require two inverters with switchover capability and fault protection.
The ac system then becomes 16 Ib heavier and more complex than a straight
dc distribution system. In addition, the dc system advantages include
a) Better efficiency, therefore, lower power system losses
b) Conversion within load equipment isolates loads from each other, re-
ducing interaction effects, and results in less effect on the power
subsystem from change of loads during design
c) Better overall system reliability by eliminating switching between
inverters
d) Better electromagnetic interference (EMI) characteristics. Square
wave ac contains low-frequency harmonics and is difficult to shield
MARTIN MARIETTA CORPORATION
DENVER DIVISION
FR-22-I03 Vol III Sect I 3.7-25
3) DC bus regulation or central conversion - Accounting for battery temper-
ature variations, load range, and voltage degradation with age, the un-
regulated dc voltage at the equipment terminals is expected to be 24 to
37 v. For equipment requiring tighter voltage regulation and/or other
voltages, a regulator or converter can be provided either centrally or
within each subsystem load. The distribution of raw battery voltage and
the use of tight regulation within the loads is recommended. Because of
the no single failure mode criterion, a central dc conversion system
would require two converters with switchover capability and fault pro-
tection. If central conversion is used, the converters could provide
bias voltages and all regulated voltages. This system then becomes 64
ib heavier than an unregulated dc system and is much more complex. Some
interim level of regulation could be provided; however, this would re-
quire an additional phase of conversion and is not recommended. Addi-
tional advantages of the unregulated dc system include
a) A more optimum power supply design can be tailored to each blackbox
load, increasing individual load efficiency and reducing system
power losses
b) Conversion within load equipment isolates loads from each other, re-
ducing interaction effects, and results in less effect on the power
system from load changes during design
c) Better overall system reliability by eliminating switching between
converters
d) Only limited definition is needed for single operating voltage, leav-
ing detailed design and decisions in the hands of the equipment de-
signers
e) Design changes because of blackbox circuit changes are more easily
made and design can be optimized more nearly to load requirements.
3.7.3.4 Voltage Regulators in the Adapter
Voltage regulators in the adapter provide regulated voltage to the Surface
Laboratory and Capsule Bus for checkout and sequencer/timer updating and contin-
uous power to the status monitoring equipment during the cruise mode from Earth
to Mars. These regulators are only required for conditioning raw voltage from
the Spacecraft solar array prior to Flight Capsule separation. To reduce the
landed weight, the regulators are located in the adapter outside the steriliza-
tion canister and stay with the Spacecraft after separation. As a result of
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FMECA, two regulators are used. Either of these regulators can supply the total
system requirements. They operate in parallel and are diode isolated at the in-
put to the load control assembly, thus eliminating the need to switch from one to
the other. A short within either regulator or in the wiring across the staging
interface is isolated from the Capsule Bus and Surface Laboratory power subsys-
tems.
Only one voltage regulator is provided for status monitoring power. Should
the voltage regulator fail, the main C/B data encoders are used for status mon-
itoring during cruise.
3.7.3.5 Battery Chargers in the Adapter
Battery chargers in the adapter are not needed after Flight Capsule separa-
tion. To reduce the landed weight, the chargers are located in the adapter out-
side the sterilization canister and stay with the Spacecraft after separation.
3.7.3.6 Pyrotechnic Power Subsystem
The pyrotechnic power subsystem is powered by redundant power sources. This
redundancy is carried throughout the pyrotechnic subsystem, including safe/arm
switch, squib firing switch, current limiting resistor, and separate bridgewires
in each squib. The redundant power systems are not electrically tied together,
so a single fault in the equipment or in the wiring will not result in a loss
of both circuits. This eliminates the need for fault protection in the pyro-
technic circuits, which would be very difficult to provide since they are ener-
gized just prior to the required function.
Another approach that paralleled the batteries through diode isolation was
considered. This approach had the advantage of powering both pyrotechnic cir-
cuits after the loss of one battery; however, a fault on the bus side of the
diodes would result in loss of the complete pyrotechnic power subsystem.
3.7.4 Summary of Subsystem Analysis and Trade Studies
Trade studies and analyses were conducted to establish a power subsystem de-
sign for the Voyager Phase B Flight Capsule configuration. The most significant
of these trade studies and analyses are summarized in the following paragraphs.
3.7.4.1 Trade Study Report ED-22-6-24_ Electrical Power Sources
This trade study presents the analyses and considerations used in determining
the type of electric power system to be used on the Voyager capsule. The one con-
clusion made is that there is no off-the-shelf power system available today for a
Mars landing capsule. For the Surface Laboratory, sterilizable silver-zinc batter-
ies are recommended for the 1973 minimum-lifetime requirements. For later missions
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requiring power for periods up to 24 months, RTGs and rechargeable nickel-cadmium
batteries are recommended. Other power sources considered included solar cells,
chemically fueled turboalternators, and other less acceptable sources as shown
in Table 3.7-10.
Table 3.7-10 Power Sources Considered for Flight Capsule Study
Power Sources
Batteries
RTG
Solar Cells (silicon)
Chemically Fueled
Turboalternator
Comments
Requires development for sterili-
zation
Requires development for intact
reentry
Performance questionable -- cloud
cover, surface environment
Heavy and requires extensive de-
velopment time
Fuel Cells Requires extensive development
(not current state of the art)
Nuclear
Thermoelectric
Thermionic
Dynamic
Solar
Thermoelectric
Thermionic
Dynamic
Solar Cells
(other than
silicon)
Heavy weight penalty for this
program - not competitive with
RTG
Requires extensive development
and still not dependable because
of questionable Mars cloud cover
and surface environment
Thermal Batteries Insufficient activated life
Acceptability
Acceptable
Not Acceptable
Batteries - Most primary batteries now being considered for space use are
silver-zinc (Ag-Zn) since they offer the lowest weight or, conversely, the high-
est energy density. The use of this battery has been successfully demonstrated
on the Ranger and Mariner Mars spacecraft. The batteries used on these missions
have provided power during periods when the photovoltaic solar panels were not
aligned to the sun and have withstood the temperatures and environment of space
for long periods of time.
Secondary batteries have had extensive use on Earth orbiting satellites in
conjunction with solar panels. Nickel-cadmium (Ni-Cd), silver-cadmium (Ag-Cd),
and silver-zinc (Ag-Zn) are the three types of batteries considered as secondary
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power sources at this time. Of the three, Ni-Cd batteries have been used most
often, while Ag-Cd batteries have been used on a limited number of satellites.
The only advantage in selecting a Ni-Cd secondary battery is to obtain very long
life and charge characteristics. This type of battery has a poor energy density
and is very bulky in comparison to the Ag-Cd and Ag-Zn cells. Silver-cadmium
cells have been flight demonstrated on satellites and have a specific energy 1½
to 2 times that of the Ni-Cd battery. The silver-zinc secondary battery is su-
perior to both the Ni-Cd and Ag-Cd in energy density and size.
Industry has expended a considerable amount of research and development on
the formidable problem of heat sterilization of silver-zinc and nickel-cadmium
batteries. The results are summarized below.
Silver-zinc (Ag-Zn) batteries - JPL has sponsored several R&D contracts to
develop separators capable of withstanding the sterilization environment in a
sealed cell and presently has a contract with the Electric Storage Battery
Company to fabricate a series of cells varying in size from 5 to 50 ah. Pre-
liminary data based on quarterly progress reports and previous ESB silver-zinc
cell performance indicates that an energy density of 20 to 40 wh/ib for cell
sizes of 25 to 150 ah, respectively, should be attainable. A practical upper
size limit for sterilizable, silver-zinc cells is 150 ah. The battery must be
in the discharged state (silver and zinc oxide) during the entire sterilization
procedure. The battery must be fabricated in the discharged state and must not
be charged until after the final sterilization cycle. If the battery were in
the charged state during sterilization, the silver-oxide plate would be partially
decomposed to silver and gaseous oxygen, causing high internal pressures. Once
a cell has been charged, it cannot be completely discharged to the silver/zinc
oxide state; consequently, no charging can be done until after sterilization is
completed. The battery is charge/discharge cycle limited; therefore, the Flight
Capsule prelaunch operations must be conducted primarily on external power with
limited drain on the battery.
General Electric, together with Eagle-Picher, developed a heat sterilizable
silver-zinc battery using organic separators. However, this cell was vented and
does not appear attractive for the Voyager Capsule application since failure of
the vent to reseal would result in loss of the battery. This might be an attrac-
tive alternative consideration if resealing of the vent can be assured after
sterilization.
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Douglas Aircraft has been working on a heat-sterilizable cell using inorganic
separators under an ARC contract. The cells being considered are of relatively
small size (i to 5 ah) and the inorganic separator appears to be a relatively
fragile device.
Nickel-Cadmium (Ni-Cd) Batteries - Both Gulton Industries and Sonotone Corpo-
ration have successfully built and sterilized Ni-Cd cells. Gulton Industries
tested their batteries by running three 36-hr heat cycles at 145°C. They got an
11% loss in capacity for a resulting energy density of I0 to 12 wh/Ib.
Sonotone Corporation tested their batteries by running six 36-hr heat cycles
at 145°C. They got a 15 to 25% loss in capacity for a resulting energy density
of 9 to i0 wh/ib.
Silver-Cadmium (Ag-Cd) Batteries - No specific development or testing of
sterilizable Ag-Cd cells has been performed. ESB is currently studying what
changes to the cadmium electrode may be necessary to develop a sterilizable
Ag-Cd battery. Because of the similarities between Ag-Zn and Ag-Cd cells, it
is felt that separators, case, and sealing technology used for the sterilizable
Ag-Zn cells will be applicable to the Ag-Cd cells.
The estimated energy density of an Ag-Cd battery is 15 wh/ib at a 25-ah
rating. A reduction in the charge-discharge cycling capability as compared to
nonsterilizable Ag-Cd cells is anticipated.
Chemically Fueled Turboalternators - The monopropellant fueled turboalter-
nator is not recommended for a number of reasons:
i) Contamination of the Martian atmosphere with the hydrogen, nitrogen, and
ammonia byproducts of combustion
2) The turboalternator would have to be supplemented by either primary or
secondary batteries to provide power during peak loads and for startup
and thermal control
3) At best, even after years of development, the system would be good for
only short-duration missions of a few hours.
Radioisotope Thermoelectric Generator (RTG) - Nuclear sources provide energy
in the form of heat, either by the fission process, as obtained in a nuclear
reactor, or by the decay of a radioactive isotope (radioisotope). The thermal
energy, thus obtained, can be converted to electric power by either static or
dynamic conversion devices. The relatively high energy content and life of the
nuclear sources make them extremely attractive for long-life space missions.
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Even for missions of several months duration, only nuclear and solar systems
can be considered. Chemical sources, including batteries, must be eliminated
because of the fuel requirements and the associated weight.
Radioisotopes release heat by the spontaneous decay of the isotope, in
which radiations emanating from the radioactive material are absorbed within
the source and container, releasing their kinetic energy in the form of heat.
Although the heat produced by the isotope can be carried off by a coolant loop
for dynamic conversion, it is more convenient and less complex to locate the
conversion device close to the radioisotope container. The major advantages
of nuclear energy sources are:
i) Long life
2) Continuous power that is accurately predictable
3) Insensitivity to external environment
4) High power per unit area
5) No specific orientation required
6) Available thermal energy is independent of the operating temperature
7) Mass of fuel required depends on the power required and not the total
energy to be supplied
8) No energy storage required on a system (optimization may dictate energy
storage)
9) Ruggedness of design.
Nuclear sources are not without disadvantages; although there are few, they
are significant. They are:
i) Radiation hazard to equipment, science, and personnel. The level of
radiation flux emitted from a nuclear source places stringent con-
straints on the design of the power subsystem itself to provide ade-
quate safety during launch and the life of the mission. In addition,
requirements for safe handling on the ground and design of the vehicle
to provide installation without damage to the vehicle or its components
during the mission life are required
2) Materials problems caused by radiation, thermal stress, and high opera-
ting temperatures
3) Thermal control and heat rejection on a vehicle with nuclear systems
become more complex.
MARTIN MARIETTA CORPORATION
DENVER DIVISION
FR-22-I03 Vol III Sect I 3.7-31
Detailed trade studies were performed on an RTG for the Voyager mission and
are reported in Volume VI. These studies included fuel selection, conversion
methods, thermoelectric material selection, nuclear radiation analysis, modular
design concepts, thermal integration techniques, magnetic interference reduction
techniques, and AEC safety studies.
The results of these studies indicate that a modular design approach using
Pu 238 fuel, silicon-germanium thermoelectric material, and a design for intact
reentry would best serve the needs of the Voyager Program.
At this time, the major problems in the development of this system are en-
visioned as:
i) Development of a high-temperature heat source - This is primarily a
materials problem in the fuel capsule. The silicon-germanium RTG can
be operated at low temperature and later increased from 0.6 to 0.9 w/Ib
by increasing to a higher operating temperature. The watts/pound are
based on intact reentry being required. This requirement results in
severe weight penalty.) Four programs are presently planned by the
Atomic Energy Commission (AEC) to develop high-temperature fuel cap-
sules. Therefore, this technology should be available by the 1975
mission
2) Design for intact reentry - No present RTGs are designed for intact re-
entry in the fueled condition. This will require a new RTG design and
a severe weight penalty. It is anticipated that intact reentry will be
an AEC requirement.
An alternative approach of providing RTGs as the power source in 1973 is
being investigated. This would have many advantages including:
I) Extension of the operating time from hours to months on the Martian
surface. This would provide season change information and make the 1973
mission much more rewarding
2) The use of RTGs in the initial design would minimize changes to the
Flight Capsule in later missions to attain the 24-month goal of operat-
ing lifetime on Mars
3) The use of a technology that has utility in the evolution of the Flight
Capsule design in the long-range program would enhance long-term power
system availability for the 1975 and up missions
4) The development of an RTG for the 1973 mission would provide a backup to
the sterilizable battery development program. If the present program to
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provide a sterilizable battery does not produce a device as now antici-
pated, only the RTG power system could be designed to absorb this de-
ficiency without too great a penalty.
Solar Cells - For long-term missions requiring power for periods up to 24
months, solar arrays were considered. The use of solar cells are not recom-
mended for this application because of the weight penalty and the uncertainty of
operation due to cloud cover and environmental conditions on the Martian surface.
Solar array and RTG power systems were sized for an extended mission power
profile described in paragraph 3.7.3.2 and shown in Fig. 3.7-8.
The solar array was sized based on the following parameters:
I) Maximum array temperature, 30°C
2) Incident solar radiation, 50 mw/cm 2 average
3) Sun orientation of the solar array panels
4) Landing site at -37 ° latitude. The amount of daylight available at this
latitude varies, with the season, from 9.6 to 12.3 hr/day. The solar
cell calculations are based on 9.6 hr of sunlight for a Martian day of
24.62 hr.
For these conditions, the calculated array output power is 3.6 w/ft 2 and
results in a system weight of 661 ib compared to 421 ib for an RTG power system,
as shown in Table 3.7-11.
Table 3.7-11 Weight of Solar Array versus RTG Power Systems
9
q
Weight Weight
Solar Array System (ib) RTG System (ib)
Solar Array (4.58 w)
Batteries - Ni-Cd
Solar Array Storage
Solar Array Deployment &
Tracking Mechanism (two
panels & drive mechanism
are assumed)
Battery Chargers
Regulation & Conversion
Equipment
128
411
2O
4O
30
32
RTG (two 83-w units)
Batteries (two 12 ah) Ni-Cd
Converters (2)
Charger - Regulators (2)
& Load Resistors at 12 ah
each
308
60
32
21
Total 661 421
MARTIItl MARIETTA CORPORATION
DENVER DIVISION
FR-22-I03 Vol III Sect I 3.7-33
This analysis neglected the effects of cloud cover, atmospheric attenuation
of solar energy and surface environmental effects such as dust and pitting of
cell cover glass. These factors make the solar array even less desirable.
Solar cells are an uncertain source of power because of the clouds that have
been observed on Mars. The clouds are of three main types: high-level (blue),
intermediate (white), and low-level (yellow). The blue clouds, revealed by short-
wave light, may be more than 50 mi above the Martian surface. They block the
violet and blue light, which should have little effect on the solar panel output
since blue filters will be used to decrease operating temperature by reflecting
energy in a selected spectral region. More prominent are the white clouds,
thought to be at altitudes between 4 and 16 mi. Most prominent of all are the
yellow clouds that persist for days. Vast areas have been observed to be blotted
out by these clouds with some months passing before all traces disappeared. It
is usually supposed that these clouds are caused by dust blown up from the sur-
face of the planet by winds.
Pitting of the solar cell glass covers due to wind-blown particles is also
a form of degradation. A sand-blasted glass surface has a transmissibility of
approximately 78%. This surface pitting can be minimized by using fused silica
or sapphire solar cell covers rather than glass. Another form of solar cell
degradation must be expected from wind-blown dust accumulation on the solar
panels.
3.7.4.2 Trade Study Report ED-22-6-26_ Power Conditioning and Distribution
Choices
This trade study presents the analyses performed in determining the type of
grounding system, the type and quality of power, and the type of fault protec-
tion to be used in the Voyager Flight Capsule. It resulted in the selection of
a configuration consisting of an unregulated (battery) dc power system, a ground-
ing system isolated from structure with individual return leads and a common re-
turn, and protection from load faults using electronic fault sensing. The ad-
vantages and description of the selected configuration are discussed in the fol-
lowing paragraphs with descriptions of the alternative configurations considered.
Grounding - The grounding system selected is shown in Fig. 3.7-2. Nonsensi-
tive equipment is connected to a common return, and sensitive equipment is con-
nected to the source with individual return leads. All return leads are isolated
from structure through a high impedance. Advantages of this grounding system are:
MARTIN MARIET'rA CORPORATION
DENVER DIVISION
3.7-34 FR-22-I03 Vol III Sect I
(I) allows grounding of both sensitive and nonsensitive equipment with the great-
est possible weight savings, and (2) protection of the positive bus against
short to structure.
Alternative grounding systems considered were:
i) A system that uses the vehicle structure (skin) as the return conductor
to the power source for each load. This system was eliminated because
the vehicle skin is too thin for good conduction. Skin corrosion at
bonding points creates a variable common impedance
2) A system that consists of all negative returns from the loads within a
specific power system, individually connected to one common structure
ground point. This system has a considerable weight disadvantage. Each
load requires two wires, one for the positive bus and one for the nega-
tive return
3) A system that uses a single structure ground point to which a large gage
conductor is connected. This system offers a weight saving over the
system discussed in item 2) above, but it presents a higher common im-
pedance and circuit interaction is compounded
4) A system that combines the systems of items 2) and 3) above. This al-
lows sensitive loads to be connected to a single point ground but has
the disadvantage that a short of the positive bus to structure results
in loss of the entire power system
5) A system that consists of connecting a high impedance between the nega-
tive ground point and structure. This system limits the current flow
in the event of a short of the positive bus to structure. A capacitor
is connected in parallel with the resistor to reduce EMI by bypassing
any RF currents present to ground rather than letting them flow through
the resistor.
DC versus AC Distribution - The comparison of ac and dc distribution systems
results in the selection of the dc power system. Because of the no-single-fail-
ure-mode criterion, ac distribution would require two inverters with switchover
capability and fault protection. This system then becomes 16 ib heavier and
more complex than the dc distribution system shown in Fig. 3.7-1.
The ac distribution system contains a main static inverter, a standby in-
verter, a failure sensor, a load control assembly with fault protection, and
individual transormer rectifier filters at each load. A 1% regulated, 90.2%
efficient inverter is assumed to determine the effect on the total weight of the
system.
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Additional advantages of the dc distribution system are:
i) Greater efficiency because it has components with lower losses in series
with the loads; ac inverters are designed for some rated load and become
less efficient as the load varies
2) Individual converters at each load isolate the loads from each other,
reduce interaction effects, and reduce the impact on the power system
caused by the addition and deletion of loads during the design phase
3) Individual converters at each load can be optimized for that load, re-
suiting in increasing individual load efficiency and reducing system
power losses
4) Overall system reliability is greater since switching between inverters
is eliminated
5) Better EMI characteristics. Problems of ac coupling to the dc lines and
shielding of harmonics from ac system is eliminated.
DC Bus Regulation or Central Conversion - A choice exists of providing a
regulator or converter either centrally or within each subsystem load. The dis-
tribution of raw battery voltage and the use of tight regulation within the
loads is recommended.
Because of the no-single-failure-mode criterion, a central dc conversion
system would require two converters with switchover capability and fault pro-
tection. If central conversion is to be used, then bias voltages and all regu-
lated voltages could be provided from it. This system then becomes 64 ib heav-
ier than an unregulated dc system and is much more complex.
For weight comparison purposes, an 86.3% efficient, multiple dc voltage out-
put, centralized converter, having a regulation range of 0.i to 1.0% is assumed.
Fault Protection and Central Switching - A system using electronic fault
sensing in conjunction with centralized load control is recommended. The con-
straints that (i) no single failure mode will cause a catastrophic effect on the
mission, and (2) short circuit protection of the Capsule Bus power supplied to
the Surface Laboratory and Entry Science Package will be provided by the Capsule
Bus, make some form of fault protection necessary. A trade study was undertaken
before the latter constraint was included in the requirements and constraints
document, which compared unprotected feeders, redundant feeders with overload
switches, and electronic fault protection. Unprotected feeders were not recom-
mended because the failure mode analysis shows that an entire Capsule Bus could
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be lost due to a single bus fault. Fuses and circuit breakers are too unreli-
able, cannot be checked out (particularly if block redundancy is used), and do
not lend themselves to being remotely resettable.
Hence, central switching, to restrict the physical limits of the bus to a
manageable area such as a distribution box or subassembly, and an electronic
fault-sensing device to monitor and control each power feeder throughout the
Capsule Bus were recommended.
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3.8 Pyrotechnic Subsystem
This subsection discusses the requirements and constraints, preferred design,
analyses for selection and alternatives considered, and a sun_nary of the trade
studies conducted for the Surface Laboratory (S/L) pyrotechnic subsystem.
3.8.1 Requirements and Constraints
The requirements and constraints imposed on the pyrotechnic subsystem in-
clude those specified and those derived as a result of the Surface Laboratory
design. Functional, design, and interface requirements with a major effect on
the selection of a pyrotechnic subsystem configuration are sun_narized in Table
3.8-1.
3.8.2 Preferred Preliminary Design
Subsystem Description - The Surface Laboratory pyrotechnic subsystem consists
of the equipment shown in the simplified block diagram (Fig. 3.8-1). Power to
the pyrotechnic control assembly is provided from the Surface Laboratory power
subsystem. Control signals are received from the Surface Laboratory command and
sequencing subsystem and the science data subsystem.
Safe/arm relay pairs provide dc isolation between the power sources and the
squib firing circuits (SFC) for groups of pyrotechnic functions. The groups are
arranged so no function is armed more than five minutes before firing. After
all pyrotechnic functions in a group are fired, the relays are reset to the safe
position, thus opening the power circuit and removing any load caused by a bridge-
wire short. The final switch between the power source and the squib is the solid-
state squib firing circuit. The current limiter assembly provides series resistors
to limit the current to each bridgewire to approximately 6 amp with a battery out-
put of 20 v.
The squibs provide gas pressure to operate valves, pin pullers, and similar
devices.
The schematic shown in Fig. 3.8-2 is typical of the redundancy provided for
each function. Parallel, isolated circuits are provided from the batteries in
the power subsystem to the current limiters. Power is then provided from each
circuit branch to one bridgewire of each squib.
Two squibs with two bridgewires each are used for each function. With this
arrangement, the proper lunctioning of either circuit branch will fire all asso-
ciated squibs.
3.8-1
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Surface Laboratory Pyrotechnic Subsystem
Requirements and Constraints
Functional & Design Requirements
& Constraints
Electroexplosive devices & firing circuitry to conform to
AFETRM 127-1, Range Safety Manual I
The squib firing harness connecting the devices to the fir-
ing unit must meet the following requirements
Continuous circumferential shielding up to the electro-
explosive device
Conductors carrying squib firing current physically
isolated from other conductors
Radiated power pickup on squib firing lines reduced
by twisting & shielding the conductors. Radiation
pickup considerations include bridge-to-bridge &
bridge-to-case modes as well as the normal firing mode
Withstand sterilization temperatures and ETO exposure
Meet environmental extremes from launch through landing
Components & design techniques to be within the state of
the art & proved through use
Complete testability before being committed to launch
No explosive bridgewire devices
Squibs must not fire if I amp/l w is simultaneously ap-
plied to each bridgewire circuit
Squibs must withstand static discharge of 25 kv from lO0-
pf capacitor applied between pins or between pins and
case at all atmospheric pressures
Electroexplosive devices must not degrade or be fired when
exposed to an RF field intensity of i00 v/m 2
Two double bridge wire squibs used for each function
Pyrotechnic subsystem bus load power controlled by a safe/
arm device
Redundant firing circuitry to be used
No single or common failure mode (including procedural de-
viation) can both arm& command pyrotechnic subsystem
No single failure can result in mission failure
Use separate energy sources for pyrotechnic firing isolated
from other subsystem uses
Two squib firing circuits to be used for each pyrotechnic
function
In ter fac e
Requirements
& Constraints
All Surface Lab-
oratory pyrotech-
nic functions to
be actuated by the
Surface Laboratory
pyrotechnic sub-
system. No squib
firing lines to
cross the Space-
craft/Surface
Laboratory or
Capsule Bus/Sur-
face Laboratory
interfaces
Power for Surface
Laboratory pyro-
technic functions
to be supplied by
pyrotechnic bat-
teries in the Sur-
face Laboratory
power subsystem
The interface be-
tween the Surface
Laboratory power
& pyrotechnic sub-
systems is at the
input to the pyro-
technic control
assembly
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The safe/arm relays provide a reference to structure for the associated
bridgewires. A simplified grounding schematic is shown in Fig 3.8-3. Prior to
arming, the positive and negative inputs from the power source are open and the
bridgewires are referenced to structure through an isolation resistor.
Performance Parameters - Pyrotechnic power is supplied by separate pyro-
technic batteries in the Surface Laboratory power subsystem. The pyrotechnic
functions to be supplied and the system current to be supplied to each at a
minimum battery voltage of 20 vdc are listed in Table 3.8-2. The maximum load
for the system is 72 amp.
The pyrotechnic subsystem squib loads are sensitive to the current delivered
and not to voltage. The subsystem is designed to deliver at least 6 amp to the
bridgewire if the supply voltage is 20 v or greater.
The minimum current to be supplied to each bridgewire is 6 amp. This gives
an allowance of i amp above the squib normal function current to allow for toler-
ances in current limiters, wire lengths, the pyrotechnic control assembly, and
test equipment. The squibs in the pyrotechnic subsystem will provide more energy
to the activating mechanisms than required for actuation. The pressure margins
will be no less than 100%. The margins will be based on the pressure produced by
one of the redundant pair of squibs. In this way, allowance is made for varia-
tions in the activating mechanisms and for unpredicted variations in environ-
mental conditions.
3.8.3 Physical Characteristics
Hardware Descriptions - The S/L pyrotechnic control assembly consists of safe/
arm circuits, and squib firing circuits.
Each safe/arm circuit consists of one pair of 4PDT magnetic latching relays
with contact current ratings of i0 amp. The relays are used to apply or remove
pyrotechnic device activation power from the squib firing circuits on receipt of
momentary discrete signals from the command and sequencing or science data sub-
systems. Each relay requires a 50-ma 50-ms pulse for operation. Similar parts
are on the approved sterilizable piece parts list.
A squib firing circuit is used to activate pyrotechnic devices on receipt of
momentary discretes from the command and sequencing or science data subsystems.
The SFCs are solid-state switches requiring input power of 255 ma at 30 vdc from
the equipment bus, and switching 20 to 40 vdc from the pyrotechnic bus. The SFCs
provide isolation of equipment power from pyrotechnic power.
Figure 3.8-4 depicts a SFC that operates as follows. Equipment bus power and
I_IARTIltl MARIETTA OORPORATION
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Table 3.8-2 Surface Laboratory Pyrotechnic Loads
Functions
Release high-gain antenna boom
Release subsurface soil/surface
gas collector housing
Release atmospheric experiment
boom
Total for _vent
Release TV camera i
Release TV camera 2
Release metabolic & alpha-
scatter/mass spectrometer
dust covers
Total for event
Release metabolic & alpha-
scatter experiments
Open atmospheric gas sample
collector
Release internal collector
assemblies
Total for event
Spray metabolic substrate on
surface
Current
(Amp)
24
24
24
24
24
24
24
24
24
72
Total Load
for Event
(Amp)
72
72
72
Total for event 72
*Times are referenced from touchdown.
Bridgewires
4
4
4
12
4
4
4
12
4
4
4
12
12
12
Approximate
Time of
Occurrence
_inutes)*
T+I
T+I
T+30
T+35
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pyrotechnic bus power are applied to their respective leads. The fire signal is
applied to the signal input lead that, after a i- to 10-ms time delay, activates
the isolation circuit. The isolation circuit is a dc-to-ac inverter, operating
at approximately 4 kHz. The ac output is transformed through two isolated
secondary windings. Each output is then rectified and supplies power to the gate
of a silicon-controlled rectifier (SCR). The two SCRs are connected in series
with an inductor to prevent premature turn-on caused by the effects of rates of
change of voltage (dv/dt) on the SCRs. When the transformer-rectified voltages
at the gate leads of the SCR rise to the minimum gate voltage to fire, the SCRs
turn on and are capable of delivering 12 amp continuous power, or i00 amp for
50 ms. Removal of the anode voltage turns off the SCRs.
Using the two SCRs in series provides series redundancy. If one SCR shorts
anode to cathode, no output exists until the second SCR receives a gate signal.
This feature precludes an inadvertent turn-on of a SFC for a single failure mode.
Current limiter assemblies consist of eight i to 4 ohm, 2 w, wirewound re-
sistors with ceramic cores. Each resistor is installed in series with a pyrotech-
nic device and is used to limit the current and burn open if a bridgewire shorts
terminal-to-terminal after bridgewire activation.
One type of electroexplosive device will be used in the pyrotechnic subsystem,
a Voyager standard pressure cartridge. Standardization offers economy of develop-
ment, economy of acceptance, and economy of logistics. The standard pressure
cartridge will provide gas pressure to actuate pin pullers, valves, and similar
devices.
Weight and Volume - Physical characteristics for the S/L pyrotechnic sub-
system are summarized in Table 3.8-3.
Table 3.8-3 S/L Pyrotechnic Subsystem Equil)ment List
Assembly
Pyrotechnic Control
Assembly
Current Limiter
Assembly (7)
Squibs (26)
Subassembly
Safe/Arm Relays (4)
Squib Firing Circuits
(8)
Individual
Compon en t
Weight
(Ib)
0.2
1.0
Total
Assembly
Weight
(Ib)
Ii .4
0.37 2.6
1 OZ.
Total
Volume
(cu in. )
945
31.5
Total 14.0 976.5
*Squib weight & volume are included as part of using subsystem.
3.8-9
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3.8.3.1 Subsystem Reliability
Table 3.8-4 summarizes the reliability of the S/L pyrotechnic subsystem.
The allocation is the number that has been assigned to the S/L pyrotechnic sub-
system, i_e mean prediction is the calculated reliability of the preferred con-
figuration of Fig. 3.8-1 and includes the redundant batteries, safe/arm relays,
squib firing circuits, current limiters, and squibs.
A failure modes, effects, and criticality analysis _MECA) of the S/L pyro-
technic subsystem has been performed. For a nonredundant system, the failure of
a safe/arm relay to close or remain closed, or failure of a squib firing circuit
to close, results in the loss of the associated pyrotechnic event. Those are
two Criticality I failure modes for which the following corrective action has
been taken.
Table 3.8-4 Reliability Summary, S/L
Pyrotechnic Subsystem
Mission Reliability
Allocation
Mean prediction
Upper-bound prediction
Lower-bound prediction
0.985
0.9999
0.9999
0.9999
The subsystem employs two parallel redundant systems, each containing a
separate power bus, safe/arm relay, squib firing circuit, current limiting re-
sistors, redundant squibs with redundant bridgewires, and indepenent safe, arm,
and fire signals to perform each pyrotechnic function. In addition, each pyro-
technic-operated device is designed to operate with the energy of a single squib.
Sterilization - The sterilization requirements have imposed the following
restrictions:
i) Batteries must be redesigned to meet the sterilization temperature re-
quirements. Cell separation material, cell case material, and plate
materials must be developed. These batteries must then complete all
sterilization temperature cycles before receiving formation charge. As
a result of this limitation, faulty batteries may not be detected until
after the terminal sterilization cycle is complete. Hence, materials
and processes must be closely controlled to assure high quality and
uniformity of cells. Measurement techniques must be developed to pre-
dict the ceil balance before the formation charge
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2) Circuit design is limited to the use of the approved sterilizable piece
parts list.
3.8.4 Description of Interfaces
The Surface Laboratory pyrotechnic subsystem interfaces are of two types --
ground and flight interfaces. For a description of the ground interfaces, refer
to Section II, paragraph 2.10 of this report. The flight interfaces consist of
power from the power subsystem pyrotechnic bus for squib firing, power from the
power subsystem equipment bus for the isolation circuitry of the squib firing
circuits, and safe, arm, and fire signals from the command and sequencing subsystem
or the science data subsystem for the pyrotechnic functions listed in Table 3.8-2.
3.8.5 Standardization and Growth
The S/L pyrotechnic subsystem is a standard design for the decade. Electro-
mechanical components as well as electronic components and circuits specified for
the 1973 mission will be used for the 1975 and up missions. Any change in re-
quirements can be accommodated by adding pyrotechnic firing circuits. Batteries
are sized for maximum load at minimum voltage and consequently have an order of
magnitude of excess capacity. This allows for changes, provided maximum instan-
taneous load is not exceeded.
3.8.6 Preferred Approach Selection Analysis and Alternatives Considered
In addition to the criteria imposed by the requirements and constraints listed
in paragraph 3.8.1, the following were considered in selection of the preferred
approach:
i) Reliability
2) Failure modes and effects
3) Weight
4) Checkout capability
5) Resistance to environments
6) Bridgewire short isolation
7) Pyrotechnic power isolation.
3.8-11
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Redundancy - The pyrotechnic power subsystem is powered by redundant AgZn
batteries. This redundancy is carried throughout the pyrotechnic subsystem, in-
cluding safe/arm switch, squib firing switch, current limiting resistor, and
separate bridgewires in each squib, as shown in Fig. 3.8-2. The redundant pyro-
technic power buses are not electrically tied together to prevent the loss of both
circuits for a single fault in equipment or wiring. This eliminates the need
for fault protection in the pyrotechnic circuits, which would be very difficult
to provide because they are energized just prior to the required function.
An alternative approach that paralleled the batteries through diode isola-
tion was considered. This approach presented the advantage of powering both
pyrotechnic circuits after the loss of one battery; however, a tault on the bus
side of the diodes would result in loss of the complete pyrotechnic power sub-
sys tem.
Power Control - As a result of a trade study of power control choices, a
solid-state firing system that isolates the pyrotechnic bus from the equipment
bus and utilizes firing energy directly from AgZn batteries was selected. Other
approaches considered included use of capacitors for energy storage, relays for
switching, and motor-driven switches for switching.
3.8.7 Subsystem Analysis and Trade Studies
A trade study report, Power Control Choices, ED-22-6-27, presents the anal-
yses performed and considerations used in determining the type of device for
energy storage for pyrotechnic firing and the type of pyrotechnic liring control
device to be used. A solid-state switch that isolates the pyrotechnic bus from
the equipment bus and uses firing energy directly from Ag-Zn batteries was select-
ed for the following reasons:
i) Ease of checkout
2) Resistance to shock, random vibration, and temperature
3) Proven design (including internal filtering and series redundancy)
4) Isolation of pyrotechnic power from equipment power.
Other devices considered included the use of capacitors for energy storage
and motor-driven switches and relays for switching. The reliability predictions
indicated that all systems considered have equally high reliabilities.
Magnetic latching relays are used for arming the pyrotechnic subsystem. The
use of relays for firing squibs is not recommended because an unpredicted shock
or excessive vibration could cause both arming and firing to occur. Solid-state
switching, which is insensitive to shock, is recommended for firing control.
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[DENVER OIVISION
3.8-13
FR-22-I03 Vol III Sect I
A premature arming of a solid-state switch caused by transfer of the safe/arm
relay can be tolerated because the firing must still be accomplished through the
use of a signal from the command and sequencing subsystem or the science data
subsystem.
The capacitor storage system adds a weight penalty and requires the develop-
ment of a large, wet tantalum, sterilizable capacitor. Wet tantalum capacitors
have inherent problems of dielectric leakage at normal ambient pressure. The
eight-month exposure to the hard vacuum of space would only serve to make this
problem more severe.
1_IARTIN MARIETTA CORPORATION
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3.9 Cablin_ Subsystem
This subsection discusses the cabling subsystem requirements and constraints,
the preferred preliminary design, and the analysis of the selection of the pre-
ferred approach and identification of the alternatives considered.
3.9.1 Cabling Requirements and Constraints
Cabling requirements and constraints are tabulated below.
Requirements
Interface
Isolation
Routing
Mechanics
Structural Field
Joint
4-in. Separation
of Cables
Maximum Use of
Struc rural
Geometry
Avoid Optical
& Sensor Look
Angles, Control
Jets
Electrical
Electrical
Connectors
Twisted Pairs
to Counter
EMI &
Crosstalk
No antenna
Pattern Inter-
ference
Comments
Capsule Bus
Provides Umbili-
cal Functions
to Spacecraft
See Table 3.9-1
for Categories
Design for
Accessibility
3.9.2 Preferred Preliminary Desisn
Subsystem Definition - The system interconnecting cabling subsystem is that
cabling required to electrically interconnect systems and subsystems. In the
Surface Laboratory, the cabling and harnesses to be provided will connect the
Surface Laboratory elements defined in Subsection 3.10 (Table 3.10-2).
There are six categories interconnecting cabling as defined in Table 3.9-1.
These categories are in separate harnesses. These harnesses are prefabricated,
replaceable units where possible or broken up into a minimum of subcategory
prefabricated replaceable harnesses.
The Capsule Bus provides a plane across the base to accommodate the inter-
connecting wiring to the Spacecraft (see Fig. 3.9-1). The electronic subsystem
packages are so designed that the receptacles are accessible to the interconnect-
ing plugs on the same plane as the cabling wherever practical.
System interconnecting cabling subsystem has a minimum of 4 in. separation
maintained between cables of different categories whenever practical. Care is
taken to route sensitive cables around radiating elements.
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The OSE is comprized of a Hughes Analyzer or equivalent, which can accomplish
continuity and insulation resistance checks on complex cabling.
Delineation of Subsystem Boundaries - The electrical harnesses will be in-
stalled and supported at appropriate locations on the structure to accomplish
the required interconnection of the Surface Laboratory elements.
Envrionment Considerations The cabling subsystem will be constructed and
supported to withstand the effects of space environment sterilization processes
and the environment associated with launch, separation, deorbit, and planetary
entry operations. A principal concern is the outgassing of cabling materials
and the possibility of degradation of the cabling subsystem components. Materials
are to be selected accordingly.
Physical Characteristics - Physical characteristics of the cabling subsystem
are discussed in the following paragraphs.
Hardware Description, Mechanical - The cables are fabricated to be installed
and removed as individual entities. They are installed so that there is adequate
harness support provided on the structure to protect insulation from cold flow and
abrasion. Strain relief is provided for the cable interconnections. Maximum
use is made of existing structure sections to provide natural shielding between
conductors.
Harness development is accomplished on a full-scale three-dimensional detail
mockup so that actual wire runs are accomplished to achieve optimum routing.
These development units are then used as templates to establish three-dimensional
production tooling.
Wire groups are designed to avoid strain during installation and testing by
providing flexibility in all wire bundles that are bent or twisted in normal use.
All wires will be stranded to assure reliability under vibration and handling.
AWG 24 will be the smallest conductor used. The cable subsystem can be totally
or incrementally tested before and after installtion. Growth capability, is
established, including 10% spare pins on each connector on the periphery for
ease of access. The connectors are mounted and used so that straight and free
engagement of the contacts is assured. All electrical conductors are insulated
to prevent inadvertent short circuits, and all connectors are electrically con-
ductive and differently sized and/or keyed as required to prevent mismating.
All materials and hardware used in conjunction with or as an integral part of
the cabling subsystem will be selected from the preferred parts list.
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The subsystem is designed to minimize susceptibility to interference from
external sources and minimize propagation of interference. The subsystem com-
plies with the grounding, shielding, and electromagnetic compatibility require-
ments of the Voyager program. The cabling breakout per category is accomplished
at the subsystem package level, which allows individual category harnesses. This
improves the maintainability and replacement characteristics of the cabling sub-
system. The electrical cabling is designed to function in all operating modes
without degradation through the entire pressure region from sea level to the
vacuum of interplanetary space.
The subsystem will not be adversely affected in the sterilization and decon-
tamination environments. All hardware will be selected and qualified to satisfy
these requirements. The subsystem will also perform within appropriate margins
when subjected to environmental test requirements and induced environments. Reli-
ability has been achieved primarily on design simplicity using flight demonstrated
design practices and conservative margins.
Weight - The weight of the cabling, connectors, and cabling installation of
hardware for the Surface Laboratory is 50 lb.
Description of Interfaces - The Capsule Bus/Surface Laboratory interface is
represented by a field splice and electrical connector. The "hard mount" re-
ceptacle is located on the Surface Laboratory side of the interface.
The subsystem interfaces (power, pyrotechnic communications, and science)
are electrically connected through cables that are replaceable and testable as
separate entities.
Standardization for the Decade - It is anticipated that the basic approach to
design, fabrication, and component selection for the cabling subsystem will be
continued through the 1975 mission. Physical positioning of equipment to satisfy
the mission-peculiar requirements will undoubtedly result in different routings
and harness configurations. The addition or deletion of experiments is expected
to impose changes from mission to mission; however, the philosophy outlined above
will apply to all missions insofar as the Surface Laboratory cabling requirements
and constraints are concerned.
Reliability - The capability of incrementally removing a specific harness and
replacing it with another without affecting the rest of the cabling subsystem
minimizes the handling and installation problems inherent in integrated or point-
to-point cabling as opposed to the incremental concept proposed.
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The incremental harness can be tested at several levels -- fabrication spare
and installation. The preassembly test capability minimizes the possibility of
error occurring at the system level.
The defined techniques of isolation (i.e., structural separation, 4-in. separa-
tion of categories, and shielding requirements) minimize the effect of any unpre-
dicted transients that could be detrimental to the system.
The materials to be used in this subsystem have been selected from the approved
parts list. The sterilization and decontamination environments will not have a
detrimental effect on the performance of the cabling subsystem. Conformance will
be verified by appropriate qualification testing of piece-parts and assemblies.
3.9.3 Analysis of the Selection of the Preferred Approach and Identification of
the Alternative Considered
A study was conducted to determine the feasibility of using flat cable for
the subsystem. In light of both the study and the Voyager Program requirements
to achieve reliability primarily by design simplicity, using flight-demonstrated
techniques and design practices, the use of flat or ribbon cabling is not being
considered by the Voyager Program at present. Design flexibility would be limited
and could cause extended schedules for out-of-house build cabling, modifications
or rebuild, or cause extensive replacement or addition to in-house fabricated
harnesses because of simple engineering modifications. The quantities of standard
and nonstandard wire will be limited procurement. The cost of 'Rill run" as
opposed to limited procurement to a Martin Marietta standard would incur a signif-
icant cost penalty. Complete qualification testing would be required on flat
or ribbon cabling and associated hardware. Minimum qualification will be required
for stranded wire and associated standard hardware including connectors. In many
cases, development would be required to qualification. Several areas are question-
able for technical acceptability. These areas are (i) termination techniques,
i.e, connectors and splicing techniques, (2) shielding techniques, and (3) availa-
bility of adequate materials.
Flat or ribbon cabling has a definite advantage at a hinge or separation inter-
face where electrical integrity is to be maintained. If an area of design shows
a necessity, the flat or ribbon cable technique will be considered and evaluated
for the specific application.
The replaceability concept at the category level is an optimum approach and
will be adhered to wherever practical. The advantage of this approach is that the
harness can be prefabricated and tested before installation. The harness can be
removed and replaced without violating the integrity of any of the other harnesses
within the subsystem, ew_re_ M_e_Tr_ =O_O_reo_.
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3.10 Electronics PackaRin_ and Installation
3.10.I Requirements
The requirements for the packaging and installation of electronics are:
Requirement Mechanical Electrical Comments
Interface Connec tot
Housing
Acces-
sibility
Test
Bolt on field joint
Fix receptables on sub-
system side
Provide adequate thermal
design
Provide supplementary
micrometeoroid pro-
tection
Remove and replace without
affecting other packages
Capability of complete
test at subsystem and
system level
3.10.2 Preferred Preliminary Design
Break out cable
categories at
the mounting
interface
Provide electro-
magnetic inter-
ference protec-
tion
Locate connectors
for direct access
on installation
Capability of cir-
cuit test and moni
tor before launch
Electrical
Cable
The preferred and alternative designs, depicted in Fig. 3.10-1, thru 3.10-3,
satisfy the Voyager objectives and requirements listed beloW:
i) The design must be based on proven techniques that are inherently reli-
able
2) Weight must be minimized by efficient use of structure and short run
electronic cabling installation
3) The design must be conducive to grouping different functions and to
incorporating equipment supplied by different manufacturers
4) Electronic equipment must not transport artificial atmospheres, to the
Martian surface where they might compromise science experiments
5) The design must provide supplementary micrometeoroid protection for
internal electronics
6) Electronics subsystems must be replaced easily
7) The elimination of the need for exposing and qualifying electronic compo-
nents and materials to the ethylene oxide exposure cycle must be pursued.
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The packaging weight is kept to a minimum by integrating multiple functions
into the packaging structures (Table 3.10-1).
Function
Baseplate
Baseframe
Module
Mounting
Plate
Subsystem
Cover
Table 3.10-1 Multiple Function Performance of Packaging Structures
Thermal
Pad Cond
Supple-
mentary
Contaminants Micro-
Barrier EMI meteroid
Dirt Biota Shield Protection
X X X X
X X X X
X
X X
X X X X X X
Handling
Protection
Interface
Structural Member Test Support
Mounting Stiffener Fixture Elect Mech
X
X X X X X
X X X X
X
All the subsystem functions are combined within one assembly where possible
to permit simple removal and installation of the subsystem _ig. 3.10-1). Each
subassembly of the subsystem is accessible for test by removing the baseplate
and accessible for incremental replacement by removing the cover (Fig. 3.10-2
and 3.10-3).
Each package is vented so that there is no entrapment and all gases are
depleted in space before landing on Mars. Supplementary micrometeoroid protec-
tion is provided by the baseplate, baseframe, and cover.
The packaging is dimensioned so that it provides flexibility while retaining
standardization of design at both subassembly and assembly levels. Certain of
the data acquisition equipment, such as cameras and spectrometers, are packaged
in advance, and will require no further effort except for the possible addition
of shroud insulation and micrometeoroid barriers as necessary. Elements that
will be assembled and packaged according to the Voyager philosophy shown in Fig,
3.10-2 and 3.10-3 are itemized in Table 3.10-2.
The packaging of Surface Laboratory equipment will provide the required
protection against micrometeoroid penetration (secondary protection), thermal/
vacuum and shock/vibration environments associated with launch, separation,
deorbit, and planetary entry operations. Thermal gradients between the equip-
ment and structure to which it is mounted must be minimized through materials
of construction and use of phase change materials.
The design approach can accommodate different type of electronics subassem-
blies (modules, PC boards, etc).
MARTIN lifARIET'rA OORPORATION
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Elements Packaged According to Voyager Philosophy
Telemetry Subsystem - Surface
Laboratory
Power supply & signal conditioner
& data encoder 2
Sterilization monitor multiplexer
Data encoder i
Package
Cabling
Total telemetry subsystem weight
Sower Subsystem - Surface Laboratory
Power distribution assembly
Power transfer switches (2)
Load control assembly
Diode Isolation Assembly (7),
Isolation Network (2), Shunts (6)
Package
Cabling
Total power subsystem weight
Remotely Located
Equipment battery i
Equipment battery 2
Equipment battery 3
Pyrotechnic battery assembly
Total remotely located weight
Pyrotechnic Subsystem - Surface
Laboratory
Pyrotechnic control assembly
Safe arm module, (2) squib fire
modules (8)
Package
Cabling
Total pyrotechnic subsystem weight
Remotely Located
Current limiters (7)
Configuration
(in.)
9 x21 x i0
4.7x6x9
4.7x6x9
4.7 x 6 x 18.3
3 xlO x21
9xlO.5x15
4.7x6x9
4.7x6x9
4.7x6x9
3xlO.5x10
9x10.5x5
4.7x6x9
Vo lume
(cu in.)
257
257
515
630
257
257
257
320
257
Weight
(ib)
6.0
5.0
12.0
5.6
5.3
33.9
5.0
11.8
5.0
4.6
2.9
29.3
80.0
80.0
80.0
14.0
254.0
8.8
2.2
0.4
ii .4
2.6
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Table 3.10-2 (cont)
3. i0-7
Command and Sequencer Subsystem -
Surface Laboratory
Sequencer, timer & command decoder
assembly
Command decoder
Sequencer timer
Package
Cabling
Total command and sequencer sub-
system
Relay System UHFI- Surface Laboratory
Relay radio assembly
Transmitter
Receiver
Package
Cables
Total relay system UHF weight
Relay System UHF Antennas
Antenna & coupler
Cables
Total relay system UHF antenna weight
Direct Radio Assembly
Direct radio assembly
Transponder (2 receivers, selector,
VCO, transmitter selector
4-port hybrid
Dual-power amplifier
Modulator exiter (2)
Dual command detector
MFS modulator, antenna switch
Dual diplexer, antenna cont
Cabling
Package
Total direct radio assembly
Configuration Volume Weight
(in.) (cu in.) (ib)
9 x21 xlO
4.7 x 6 x 18.3
4.7 x 6 x 18.3
I0 x 5 x 7.5 x 9
515
515
12609 x21 x20
5154.7 x 6 x 18.3
4.7 x 6 x 18.3
4.7x6x9
4.7x6x9
4.7x6x9
4.7x6x9
3x21x20
515
515
257
257
257
12.0
8.4
5.6
3.6
29.6
4.5
1.9
2.2
0.7
9.3
4.0
0.____E6
4.6
12.0
0.6
15.6
6.0
8.0
6.0
6.6
2.2
8.3
65.2
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Table 3.10-2 (concl)
Direct Radio High-Gain Antenna Assembly -
Surface Laboratory
Reflector & feed (28 in. dish)
Upper gimbals
Mast
Lower g imba is
Gyros
Cables
Total high-gain antenna
Direct Low-Gain Antenna - Surface
Laboratory
Low-gain antenna assembly
Cable
Total
Science Instrument Electronics
TV Electronics Atmosphere Electronics
Cable
Package
Total
Configuration
(in.)
9xlO.5x5
4.7x6x9
Volume
(cu in. )
We ight
(Ib)
3.0
i0.0
2.0
I0.0
3.0
2.0
30.0
0.6
0.6
1.2
7.0
.4
2.4
9.8
llfARTIN IWARIETTA OORPORATION
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Physical Characteristics - The communications, power and landed science
equipment will be arranged and installed in a package of the type and construc-
tion shown in Fig. 3.10-2 and 3.10-3. Subsystems are designed, manufactured,
tested, sterilized, and flown as an assembly. The direct access connectors are
accessible at the subsystem and system level for subsystem and system test pur-
poses. The connector that comprises the Surface Laboratory/Capsule Bus electri-
cal interface will have the plug on the Capsule Bus side with the receptable hard
mounted on the Surface Laboratory side. In this manner, straight and free engage-
ment of the contacts is ensured. The connectors in circuits carrying power have
the pinsocket junctions with the sockets on the power-source side. Connectors
on electronics assemblies provide at least 10% spare capability at the time of
design release. Spare pins are peripheral pins in the connectors, ready in case
of design change.
Also considered in the design is maintainability for packaging. Several
levels of test and replacement are allowed at the module, subassembly, and sub-
system level. The electronics package assemblies provide 10% spare volume for
circuitry inside the package at the time of package engineering releases.
External metal laying surfaces between the electronic package assemblies and
the angle section interface, and the internal laying surfaces between the sub-
assemblies and the baseframe, have electrically conductive finishes. The re-
placeable and spare equipment attachment bolts are torqued to ensure a consistent
mechanical, electrical, and thermal interface.
Packaging flexibility has been achieved while maintaining configuration
standardization. Accommodation of various sized subsystems is achieved in two
ways as shown in Fig. 3.10-2 and 3.10-3. First, two standard subsystem widths,
compatible with the Capsule Bus mounting interface, are available. Secondly,
the subsystem length can vary from i0.0 to 30.0 in. in 5.0-in increments. Table
3.10-2 shows the configuration assigned to each subsystem.
Four basic elements compose the package subsystem structure:
i) Baseframe
2) Baseplate
3) Module mounting plate
4) Subsystem cover.
The baseframe houses the subsystem cabling and provides the thermal, mechanical,
and electrical interfaces with the mounting structure and cabling subsystem. The
baseframe has a channel structure.
MARTIN II_IARIETTA CORPORATION
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Subassemblies are mounted to the baseframe top and the subsystem cover
is also bolted to the baseframe. Connectors are rigidly attached to the base-
frame and face the cabling subsystem.
Baseframe covers are attached to the mounting structure side of the
frame and provide structural rigidity, environmental protection, and micro-
meteoroid protection for the subsystem.
Subassembly frames support electronics modules, provide heat transfer
paths, and serve as primary load-carrying members for the subsystem. Signif-
icant weight savings are realized by efficient use of frames for multiple
functions (Table 3.10-3). Frames bolt to the baseframe on one side and to
the subsystem cover on the other side. Connectors are rigidly attached to
the subassembly frame and face the subsystem cabling area. Subsystem covers
serve as load-carrying members, provide environmental, electromagnetic and
micrometeoroid protection, and provide a multisurface thermal radiator.
Covers are screwed to each subassembly frame and the baseframe.
Subassemblies are two basic sizes: 5x6x9 in. and 5x6x18.3 in. While
the 5x6x18.3 in. subassembly can be used only in the large subsystem config-
uration, the 5x6x9 in. subassembly can be used singly in the small subsystem,
or in pairs in the large subsystem. Each subassembly is intended to contain
a functional group of circuits such as would be included in a black box.
Modules are the next lower assembly level.
Multiple heat-transfer paths exist in the preferred design approach as
shown in Fig. 3.10-4. Electronic modules and/or components are attached to
the subassembly frames, which conduct heat to the cover and baseframe. The
cover is the primary radiating surface to free space for each subsystem.
Subsystem cabling is prefabricated and tested before installation. The
prefabricated harness can be installed or removed without disturbing other
subassemblies or the subsystem cover. Connector plugs on the harness mate
with fixed electronics subassembly receptables. Ample volume is provided in
the baseframe for mating and unmating connectors and cable routing.
The subsystem package is vented to relieve pressure and eliminate pres-
sure differentials. This package significantly saves weight because it does
not require the housing thickness to withstand transportation and launch
pressure differential.
A method to eliminate ethylene oxide exposure of materials and components
within the subsystem housing is being developed. The principle involved is
to seal the faying surfaces and screw holes of the cover and baseplate,
MARTIN MARIETTA _ORPORATION
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Module
(Typ)
Module
Frame
Cover
Frame
Mounting
Structure
\
Multiple Heat Transfer Paths of Preferred Design
\
\
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effecting a pressure seal to also serve as a bioseal, and place a bio-filter
in the vent to protect the internal electronics from biological contamination.
The assembly of components and materials will take place under controlled
atmosphere and handling conditions, thus preventing the maximum biota contam-
ination buildup before the functional bench test. The functional bench test
sequence requires a functional test of the package, then a heat sterilization
exposure followed by another functional test. The interior of the package is
reduced to zero biota count by the heat sterilization and retains sterility
by virtue of the seal and bio-filter. Repair or replacement of a subassembly
in the subsystem requires a new bench test sequence, which places the internal
package back at zero biota count. A cap seal can be installed during ethylene
oxide decontamination to prevent the decontaminant from entering the package.
If the decontaminant is applied under a vacuum condition, the internal volume
of the housing will be isolated from the decontaminant chamber by a hose
coupled to an adjacent chamber. This concept would eliminate the requirement
of decontamination qualification costs and the possible degradation of mate-
rials and components due to the ethylene oxide contaminate.
Weight and Volume - Weight, volume, and dimensions are contained in
Table 3.10-2 for the electronics subsystem. Data include subsystem electron-
ics and subsystem internal wiring and cabling. While the science equipment
is already suitably packaged, the addition of protective shrouds or insula-
tion can be considered at locations where conditions (i.e., base heating,
micrometeoroid effects) warrant. The need for such protection will be deter-
mined in an early design phase.
3.10.2.3 Standardization and Growth
Basic package configuration will probably be carried through the future
Voyager missions; misslon-peculiar requirements might dictate changes in size
or even total elimination of the items. These considerations will not have a
significant effect on other vehicle systems or subsystems because of the mod-
ular approach used in Entry Science Package configuration selection.
3,10.3 Analysis of the Selection of the Preferred Approach and Identification
of the Alternatives Considered
Several packaging concepts have been considered before selecting the
preferred design approach. Requirements and constraints defined in Section
MARTIN MARIETTA I:ORI:oRATION
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3.10.1 have been considered in the trade studies.
been primary considerations in the final selection.
3.10-13
Reliability and weight have
Design goals (para 3.10.2) were established before initiating the su_-
system packaging trade studies and each design approach was evaluated against
the goals.
3.10.3.1 Open Truss
The open truss concept (Fig. 3.10-5) uses a tubular framework as a struc-
ture for mounting electronics packages. This framework carries most of the
load; the electronics packages carry very little. Each package has its own
case and cover (Fig. 3.10-5) for protection from meteoroids and the atmos-
phere (Earth and Mars). Based on previous experience, the case and cover
comprise 30 to 40% of the electronic assembly weight, which imposes an unnec-
essary weight penalty. Therefore, the open truss concept was not considered
acceptable.
The weight comparisons of the considered concepts show that the preferred
concept accomplished its primary design goals of saving weight. A command
and sequencer system compared the concepts with the results shown in
Table 3.10-3.
Table 3.10-3 Packaging Concept Comparison
Truss or Baseframe (Ib)
Cabling (Ib)
Housing & Electronics (ib)
Total Weight (Ib)
Volume (cu in.)
Thermal Transfer
Flat Plate
Preferred Open Truss Closed Truss
6.2
i .05
27.86
35 .I
2565
Good
5.0
1.6
60.0
66,6
4704
Good
37.2
1.05
28.5
36.7
3375
Poor
Flat Plate and Shell - In the flat plate concept (Fig. 3.10-6) electron-
ics modules are mounted to either side of the flat plate and the entire assem-
bly (subsystem) enclosed with an outer sheet-metal shell, eliminating individ-
ual case and covers and providing micrometeoroid protection while significant-
ly reducing weight. However, the cover provides little structural support
and electronic modules must increase in size if the allocated space is to
used effectively. However, with this concept the thermal path to the shell
has high thermal resistance.
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Fig. 3.10-5 Individual Case and Cover for Open Truss Concept
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Bench Handling Tools
Typical Corner Mounting Holes
I
%
Vendor Supplied
Modules
Potted Module
Exposed Circuits
Fig. 3.10-6 Flat Plate and Shell Concept
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Flexible plastic shells and cast metal shells were considered with the
flat plate approach. The first was discarded due to lack of electromagnetic
interference and micrometeoroid protection, thermal problems, and poor
handling characteristics; the second, due to weight penalty.
Integrated Box Truss - Figure 3.10-7 shows a pictorial representation of
the integrated truss concept that utilizes an outer sheet metal skin to pro-
tect uncased internal electronic equipment. Nonoptimum thermal transfer
properties exist unless the subassemblies are mounted directly to the outer
skins.
Integrated Structure - The integrated structure approach (Fig. 3.10-2 and
3.10-3) is the preferred design for the Voyager Program. It standardizes _he
electronic packaging approach and provides for electronic equipment growth.
Weight and volume are held to a minimum consistent with dynamic and thermal
requirements. See paragraph 3.11.2 for detailed description.
Sterilization - Assembled components (modules and subassemblies) -
Problems such as thermal stress release and coefficient of expansion differ-
ences between materials could impose undue strain on interconnections and
assemblies that could be catastrophic to the electrical or mechanical function
of the package.
The testing of all combinations of assemblies is impractical; rather, the
problem must be eliminated or minimized by using conservative design approach-
es (i.e., Such approaches are stress relief of component loads, use of compat-
ible resilient compounds and use of materials unaffected by sterilization
temperature exposure_.
After sterilization temperature cycling, typical assemblies are fabricat-
ed and tested to assure valid assembly performance. These are tested before
building the qualification test units.
Careful evaluation of coefficient of expansion relationships precludes
any undue mechanical stresses at the subsystem level during sterilization
thermal cycling. These considerations are mandatory and part of the formal
engineering design and analysis phase.
The exposure of the assembled subassemblies, modules, components, and
materials to ethylene oxide is most probable at the subsystem level.
Extensive testing and/or protection must be accomplished to be assured that
no detrimental effects are experienced by the materials and components that
make up the electronics within the package.
MAR'I'IN MARIETTA CORPORATION
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Fig. 3.10-7 Integrated Truss
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4. SPACECRAFT-MOUNTED FLIGHT CAPSULE SUPPORT EQUIPMENT
4.1 Requirements and Constraints
Table 4-1 presents the specified and derived requirements and constraints for
the Spacecraft-Mounted Flight Capsule Support Equipment (SMFCSE).
4.2 Preferred Preliminary Design
The Spacecraft-Mounted Flight Capsule Support Equipment preferred preliminary
design is discussed in the following paragraphs.
_.2.1 Support Equipment Description
SMFCSE is an integrated design that supports the radio relay communication
link of the Capsule Bus, Entry Science Package, and Surface Laboratory. An over-
all block diagram of the SMFCSE is shown in Fig. 4-1. The elements associated
with the Surface Laboratory mission are indicated by bold outlined blocks. Table
4-2 summarizes the major characteristics for support of the Surface Laboratory
link.
The support equipment is organized into three assemblies -- the radio assem-
bly, medium-gain antenna assembly, and low-gain antenna assembly. For Surface
Laboratory support, the radio assembly contains a UHF receiver and bit demodu-
lator. These units are the same ones used to support the Capsule Bus mission.
The output of the bit demodulator is fed directly to the Spacecraft telemetry sub-
system and is generally retransmitted in real time to Earth. The radio assembly
contains a beacon transmitter used to initiate transmission from the Surface Lab-
oratory. The radio assembly also contains elements for support of the Capsule Bus
and Entry Science Package relay links.
The medium-gain antenna assembly is an elliptical-pattern antenna with a self-
contained coupling network. This assembly is used for all initial Surface Labora-
tory contacts after landing for descent trajectories with a high targeting param-
eter (8 > 15 deg) and high periapsis altitude (hp > I000 km). The low-gain an-
tenna assembly is a circular-pattern broadbeam antenna, which provides the gain/
angular coverage required for the low-_ and low-periapsis initial postlanding con-
tacts. Both antennas are boom-mounted to guarantee the cone and clock viewing
angles required by the relay links. One antenna is selected before Flight Capsule
separation, based on the Spacecraft orbit and desired landing site, and this an-
tenna is then used for the entire deorbit and initial postlanding phases of the
mission. For subsequent postland contact, the choice of antenna depends on orbit
period and landing site. One antenna is capable of covering any one postland con-
tact. The exact orientation of the two antennas is adjusted before launch to opti-
mize the communication links for the planned orbital inclination and deorbit date.
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SMFCSE, Major Characteristics
for Surface Laboratory Support
Parameter Characteristic
Data Rate
Frequency (typical)
Modulation
Polarization
Receiver Noise Figure
Beacon Power
3.6 kbps
f5 405 MHz (beacon)
f2 390 MHz (receiver)
Split-Phase, FSK
f5 Right-Hand Circular Polarization
f2 Left-Hand Circular Polarization
4.0 db, max
2 w, min
4.2.2 Sequence of Functions in Operation
The relay antennas are deployed before separation. The medium-gain antenna is
normally connected to the receivers. An Earth command via the spacecraft is used
to select the low-gain antenna when a particular mission requires its use. Power
is applied to the receivers and bit demodulators before Flight Capsule separation
and is left on for the duration of the mission.
4.2.3 Support Equipment Performance
The performance of the Surface Laboratory-to-Spacecraft relay link is discussed
in paragraph 3.6.2. The key parameters of Spacecraft-Mounted Support Equipment used
in these link calculations are summarized in Table 4-3. Figure 4-2 shows how the
antenna patterns provide the gain required for the initial postlanding Surface Lab-
oratory relay link. The required gain for the initial contacts shown is that nec-
essary for 0-db signal performance margin after all negative tolerances (including
fading) have been deducted. The vertical distance from any point on a postlanding
contact trace to sn antenna pattern trace represents the worst-case performance
margin existing at that point of the mission. Figure 4-2 also indicates the ration-
ale for antenna selection and Spacecraft antenna location to accommodate Surface
Laboratory relay link data reception from touchdown to Spacecraft disappearance
over the horizon.
Subsequent postlanding relay contacts can occur in a large number of communi-
cation geometry configurations. The expected contact times and durations are des-
cribed in paragraph 2.4.3.
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Table 4-3 SMFCSE Link Parameters
Parameter
Antenna
Medium-Gain Antenna*
Gain
Axial Ratio (in 3-db beamwidth)
Low-Gain Antenna*
Gain
Axial Ratio
Re c eiver
Circuit Loss
System Noise Temperature
Predetection Noise Bandwidth
Required E/No (Pe b = 4 x I0 -3)
WT Product
Threshold Carrier-to-Noise Ratio
Sync
Circuit Loss
Loop Bandwidth(2 _0)
Loop Threshold (4 ° rms jitter)
Beacon
Transmitter Power
Modulation
Tone Frequency
Value
+ 8.0 + 0.5 db
+ 1.5 + 1.5 db
+ 5.0 + 0.5 db
+ 1.5 + 1.5 db
J
+0.0
- 1.0 db
-0.5
+370
630 °K
-130
32 kHz + 10%
+12.0 + 1.5 db
+ 9.5 + 0.5 db
+ 2.5 + 1.0 db
m
-7.8 + 0.5 db
I0 Hz + I0%
+ 20 + 1.0 db
+I
db
- 0
2 watts
90%AM
1 kHz
*The one antenna to be used is selected based on the particular
Flight Capsule deorbit trajectory to be flown.
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Fig. 4-2 Gain and Coverage Requirements of Spacecraft-Mounted Relay Antenna,
Surface Laboratory Support (Initial Contact)
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4.2.4 Hardware Descriptions
The Spacecraft-mounted Surface Laboratory support equipment contains seven
hard_are elements:
I) Medium-gain antenna
2) Low-gain antenna
3) Antenna switch
7)
4) Diplexer (2)
5) UHF receiver
6) Bit demodulator
Beacon transmitter
The RF elements (antennas, switch, and diplexers) also support the Capsule Bus and
Entry Science Package systems.
Medium-Gain Antenna - The medium-gain antenna is an array of two cavity-backed
crossed slots with a mesh ground plane. The antenna includes the integral feed
structure and provides circular polarization diplexing of two isolated ports.
Figure 4-3 summarizes the key characteristics of this element.
Low-Gain Antenna - The low-gain antenna is a single cavity-backed crossed
slot with a mesh ground plane. The design is similar to the relay antenna re-
quired on the Surface Laboratory. Figure 4-4 summarizes the key characteristics
of this element.
Antenna Switch - The switch is a dual RF single-pole, double-throw, latching-
type relay. It is similar to the design presently flown on the Tiros spacecraft.
_Figure 4-5 summarizes the key characteristics of this element.
Diplexer - The diplexer consists of a bandpass filter at the receiver and
transmitter signal ports and a multicoupler at the common junction of these fil-
ters. The multicoupler provides constant input impedance to the diplexer from
the antenna switch port.
The diplexer is a stripline and lumped constant component. The key character-
istics of this element are summarized in Fig. 4-6.
UHF Receiver - The UHF receiver consists of a preamplifier, mixer, local os-
cillator, IF amplifier, and FSK demodulator, as shown in Fig. 4-7. One receiver
is required for the Surface Laboratory relay link. The split-phase baseband output
of the receiver is fed to a bit demodulator.
Bit Demodulator - The bit demod,lator accepts the split-phase noncoherent FSK
output from the UHF receiver and converts these data into a PCM data train and
clock signal required by the Spacecraft telemetry subsystem. Figure 4-8 is a
bit demodulator block diagram and summarizes its key characteristics.
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Characteristics
Parameter Value
Frequency
Bandwidth
Input VSWR (each port)
Input - Port Isolation
Gain
Polarization
Axial Ratio
Half Power Beamwidth
Power-Handing Capability
Operating Failure Rate
Weight
400 bIHz, nominal
40 MHz
1.2/I max
20 db min
8.0 ± 0.5 db
Left-Hand & Right-
Hand Circular
3.0 db max
55 x 130 deg
20 w, either port
275 per 109 hr
8.5 Ib
Fig. 4-3 Medium-Gain Antenna Characteristics
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Characteristics
Parameters Value
Frequency
Bandwidth
Input VSWR (each port)
Input Port Isolation
400 MHz, Nominal
40 MHz
1.2:1, max
20 db, min
Gain
Polarization
Axial Ratio
Power-Handling Capability
Operating Failure Rate
Weight
5.0 ± 0.5 db
Right-Hand & Left-
Hand Circular
3.0 max
20 w, Either Port
275 per 109 hr
4.0 ib
Fig. 4-4 Low-Gain Antenna Characteristics
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Parameters Value
Frequency
VSWR
RF Power Rating
Insertion Loss
400 ± 20 MHz
1.15:1, max
50 w Total Incident
Power
0.2 db, max
Crosstalk Isolation
Operating Failure Rate
Size
Weight
50 db, min
250 per 109 hr
2.2x2.0xl.0 in.
6 oz
Control Power Input
Switching Time
Alternately transfer be-
tween the two positions
with successive momentary
applications of 24 vdc
nominal, i amp max
12 ms, max
Fig. 4-5 Antenna Switch Characteristics
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/ Bandpass
Filter I
Bandpass
I Filter l
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S/L Receiver 2
or C/B Receiver I
Port B
ESP Receiver I
or 2
Port C
Beacon
Transmitter
Characteristics
Parameter Value
Frequency:
Surface Laboratory
Capsule Bus Receivers
Entry Science Package
Receivers
Surface Laboratory
Beacon Transmitter
Isolation:
Insertion loss:
Size
Weight
Operating failure
rate
RCP
Diplexer i
3 85 MHz
395 MBz
405 MBZ
LCP
Diplexer 2
390 MHz
400 MHz
Port
A
C
|L
a) A, B, & C to each other, with anten-
na port terminated - 30 db min;
b) C of Diplexer I to C of Diplexer 2,
with antenna port terminated:
90 db min (note that the antenna
system in operation will provide
an additional 20 db of isolation
for C of Diplexer I to C of Di-
plexer 2);
c) A, B, & C of Diplexer I & A & B of
Diplexer 2 - 30 db min.
A, B, or C to antenna switch - 1.0 db
max,
5x4x2 in.
9 oz,
50 per 109hr
Fig. 4-6 Diplexer Characteristics
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from UHF
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Switch, Inte-
grate3 & i
Dump Circuit
--_ Synchronizer I
50 vac ,.... I Power _'_-
2400.z Isupply _
IDecision
_i Threshold
Circuit
PCM _PCM
Regenerator] v Data
Clock
v Signal
To S/C
Telemetry
Subsystem
Characteristics
Parameter Value
Input Signal
Output Signal
Sync C_ Loss (in 2 _O)
Sync Loop Bandwidth (2 BLO )
Sync Loop Threshold (2 _0)
(4 ° rms jitter)
Operating Failure Rate
Weight
Size
Input Power
Split-Phase Baseband;
3.6 kbps Information
Rate
NRZ PCM Waveform; 3.6 kbps
Plus Clock
7.8 ± 0.5 db for Square
Wave Input
i0 Hz ± 10%
20 ± 1.0 db
1200 per 109 hr
3.5 ib
4x5x2.5 in.
50 vac, 2400 Hz, I w
Fig. 4-8 Bit Demodulator Characteristics
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For one-half of the information bit, a space signal is sent; for the other
half, a mark signal is sent. The time sequence of the mark and space signals
determine whether a NRZ 1 or 0 has been received.
The switch, integrate, and dump circuit of the bit demodulator converts the
split-phase signal into an NRZ signal, integrates the NRZ signal over the bit pe-
riod, and resets the integrator to zero at the end of the bit period. The deci-
sion threshold circuit samples the output of the integrator prior to the reset,
determines the polarity of the signal, and then makes a decision as to the state
of the received bit (i or 0). The PCM regenerator reconstitutes the bit stream
into the desired format. The synchronizer extracts the clock rate from the split-
phase input signal and keys the integrator and dump reset cycles. The synchronizer
converts the split-phase input signal to a NRZ signal to obtain a discrete compo-
nent at the keying frequency. A phase-lock-loop circuit is used to drive a stable
clock from the incoming data. The output of the phase-locked loop is hard lim-
ited, coherently divided (2:1), and shaped to provide a narrow spike at the clock
rate.
Beacon Transmitter The AM transmitter includes a crystal oscillator, fre-
quency multiplier, modulator, power amplifier, and circulator. On application of
power, an audio tone is AM-modulated on the UHF carrier for transmission to the
Surface Laboratory. Figure 4-9 shows a block diagram and gives the key character-
istics of this component.
4.2.5 Weight, Power, and Volume
Table 4-4 indicates the weight, power, and size requirements of al] elements
of the SMFCSE. The radio assembly will nominally dissipate 18 w during opera-
tional periods.
4.2.6 Reliability
The mean probability of mission success for the SMFCSE is 0.9966, which ex-
ceeds the allocation of 0.976. These calculations are based on the failure rates
indicated in the hardware descriptions and the mission profile previously de-
scribed.
A single UHF receiver and bit demodulator is used to support the Surface
Laboratory. The relay mode of operation is functionally redundant to the direct
link, which is the primary means of communication from the Surface Laboratory.
Therefore, no Criticality I failure exists for the overall Surface Laboratory
communication subsystem.
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Characteristics
Parameter
Frequency
Power Output
Frequency Stability
Amplitude Modulation Level
Modulation Frequency
Operating Failure Rate
Weight
Size
Input Power
Value
405 MHz
2 w, min
-5
2 x i0
90%
Single Tone, 1 kHz
3144 per 109 hr
2.25 Ib
4x5x3 in.
I0 w
Fig. 4-9 UHF Beacon Transmitter Characteristics
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Table 4-4 SMFCSE Weight, Power, and Volume Summary
Replaceable Assembly
Radio Assembly
C/B Receiver 1
S/L-C/B Receiver 2
ESP Receiver i
ESP Receiver 2
Diplexer (2)
Antenna Switch
C/B Bit Demodulator 1
S/L-C/B Bit Democulator 2
ESP Bit Demodulator 1
ESP Bit Demodulator 2
S/L Beacon Transmitter
Cables
Structure
Total Assembly
Medium-Gain Antenna
Assembly
Antenna & Coupler
Cables
Total Assembly
Low-Gain Antenna
Assembly
Antenna & Coupler
Cables
Total Assembly
Size (in)
4x5x2
4x5x2
4x5x2
4x5x2
4x5x4
2.2x2xl
4x5x2.5
4x5x2.5
4x5x2.5
4x5x2.5
4x5x3
ll feet
12xl6 base
plate (typ)
40x30x7
12 ft
24 dia x 7
12 feet
TOTAL SMFC SE ....
Weight (Ib)
1.9
1.9
1.9
1.9
1.2
0.4
3.5
3.5
3.5
3.5
2.25
1.65
5.4
32.5
8.5
1.8
10.3
4.0
1.8
5.8
Power (w)
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
I0.0
18.0
48.6 18.0 max
System
Supported
C/B
C/B, S/L
ESP
ESP
C/B, ESP, S/L
C/B, ESP, S/L
C/B
C/B, S/L
ESP
ESP
S/L
C/B, ESP, S/L
C/B, ESP, S/L
C/B, ESP, S/L
C/B, ESP, S/L
C/B, ESP, S/L
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4.2.7 Interface Description
The SMFCSE electrical interfaces for Capsule Bus, Entry Science Package, and
Surface Laboratory support are indicated in Table 4-5. Tt is assumed that the
radio assembly is delivered to the Spacecraft contractor as an integrated assembly
and that it is mounted in one Spacecraft thermal compartment.
Figure 4-10 shows the location of the two boom-mounted antennas on an assumed
Voyager Spacecraft. The prelaunch adjustment requirements in terms of Spacecraft
cone and clock angles are also indicated. The weight and size of the two antenna
assemblies is indicated in Table 4-4. These two antennas are designed to operate
in the external space environment.
4.2._ Standardization and Growth for the Decade
The Surface Laboratory support equipment can support foreseeable missions of
the decade. A third antenna to cover the hemisphere in opposition to that covered
by the low-gain antenna can be added to cover the Surface Laboratory in relay link
geometries in which the Spacecraft attitude has undergone a wide variation due to
Sun/Canopus lock.
4.3 Analysis of the Selection of the Preferred Approach and Identification of
Alternatives Considered (Rationale)
The rationale for selection of the preferred SMFCSE for Surface Laboratory
support considers requirements that have been derived from the mission constraints,
the S/L design, and the selection of design parameters.
4.3.1 Derived Requirements
Communications with the Surface Laboratory must be maintained over the relay
link from shortly after Flight Capsule landing until the first loss of the link
from the Surface Laboratory at about 5 min after touchdown. Daily postland con-
tacts must be established with the Surface Laboratory for the b_lance of the mis-
sion. The frequency, data rate, and modulation method have been derived in para-
graph 3.6 (400 MHz and 3.6 kpbs, FSK). The preferred Surface Laboratory relay
communications subsystem configuration established transmission of data at a fre-
quency of f2 and reception of the beacon at a frequency of f5' with opposite sense
circular polarization. The SMFCSE must also receive data from relay links in the
Capsule Bus and the Entry Science Package. All of these functions must be pro-
vided within the 50 ib allocated to the SMFCSE.
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Table 4-5 SMFCSE Electrical Interfaces
Interface
Type
Measurements
Data
Radiated RF
Power
Prime Power
Data
Control
Test Points -
Direct-Access
Connector
Command
Description
Antenna Switch Positions
C/B Receiver i Signal Strength
S/L-C/B Receiver 2
Signal Strength
C/B Demodulator 1 In-Lock
S/L-C/B Demodulator 2 In-Lock
ESP Receiver 1 Signal
Strength
ESP Receiver 2 Signal
Strength
ESP Demodulator I In-Lock
ESP Demodulator 2 In-Lock
Compartment Temperature
S/L Transmitter Reflected
Power
S/L Transmitter Power Output
C/B Demodulator 1 - 3.6 kbps,
NRZ Data Plus Clock
S/L-C/B Demodulator 2 - 3.6
kbps, NRZ Data Plus Clock
f5 = 405 MHz, Nominal
Right Circular Polarization,
2w
50 vac, 2400 Hz, Two
Redundant Lines
ESP Demodulator I, 50 kbps,
NRZ Data Plus Clock
ESP Demodulator 2, 50 kbps,
NRZ Data Plus Clock
ESP Demodulator 1 In-Lock
Signal
ESP Demodulator 2 In-Lock
Signal
All non-RF input & output sig-
nals for fault isolation to
the replaceable assembly
level. Test points are iso-
lated from internal circuits
Low-Gain Antenna Deployment
Medium-Gain Antenna Deploy-
ment
Antenna Selection
System
Supported
C/B, ESP, S/L
C/B
C/B, S/L
C/B
C/B, S/L
ESP
ESP
ESP
ESP
C/B, ESP, S/L
S/L
S/L
C/B
C/B, S/L
S/L
ESP
C/B, S/L
ESP
ESP
ESP
ESP
C/B, ESP, S/L
C/B, ESP, S/L
C/B, ESP, S/L
C/B, ESP, S/L
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The total antenna weight, volume, and mounting area required on the Space-
craft would be prohibitive if three antenna systems were used. A single inte-
grated antenna system to support all relay links is, therefore, selected for the
preferred design. Independence of the Capsule Bus, Entry Space Package, and Sur-
face Laboratory is affected only slightly from a reliability point of view since
the antenna failure rates are low. One other group of elements of the SMFCSE may
be shared without mission risk -- a UHF Capsule Bus receiver and bit demodu-
lator. The Surface Laboratory relay link is required after touchdown when Capsule
Bus data transmission is completed. The Capsule Bus and Surface Laboratory relay
links may therefore share both the frequency assignment and a single receiver
and demodulator in the support equipment.
A simple and reliable data interface with the Spacecraft is desirable. It
is also preferred to make maximum use of the Spacecraft capabilities in support
of the Surface Laboratory mission. The data interface between the Spacecraft and
the SMFCSE Surface Laboratory support is limited by the Spacecraft-to-Earth link
data rate capacity of 15 kbps. A data rate of 3.6 kbps allows the data transfer
across the interface to be handled asynchronously in real time, with the buffering
handled by the Spacecraft telemetry subsystem.
4.3.2 Design Selection
A major SMFCSE design decision is the selection of an antenna to provide the
required coverage. The most desirable solution is to use body-fixed antennas,
rather than complex articulated tracking antennas. The selected antenna must
provide enough gain to maintain an adequate link performance margin with reason-
able transmitter power output levels. The two fixed antennas selected provide
the coverage for all Capsule trajectories and for the postland mission of the
Surface Laboratory, with sufficient gain to limit the transmitter power of all
links. The antenna choice is a compromise between simplicity, gain, and weight
(see para 4.4). One of the antennas will provide coverage for each phase of the
mission. This antenna is selected in advance by an Earth-commanded switch.
A conservative value of system noise temperature, Te, is used in the commun_-
cation design control table since some of the sources of noise are variable. The
contributors to the Te include Galactic noise, Mars surface temperature, the S,n,
and the receiver. The effective noise temperature of a radio source is related
to the solid angle subtended by the source at the receiving antenna compared to
the beamwidth of the antenna. Thus, the noise contribution from the Sun at 400
MHz is about I0°_ and from the planet about 270°K. The Galactic noise contri-
butions at 400 MHz are about 30°K. The selected receiver contributes 435°K to
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the system noise temperature. Solar activity and other variables may be expected
to increase this total noise contribution of 745°K by some unknown. A total worst-
case noise temperature of 1000°K allows an additional degradation of about 255°K
for solar activity and other variables.
4.4 Trade Study Summary
4.4.1 Radio Relay Link Antenna Studies
The relay l_nk antenna studies include a consideration of the Spacecraft-
mounted Flight Capsule support antennas. The Spacecraft antennas are used for
receiving several distinct telemetry signals from the Capsule Bus and the Entry
Science Package during Flight Capsule descent through TD + i. They are also
used as receiving antennas for Surface Laboratory telemetry during subsequent
contact periods in the postlanding phase of the mission. During this latter
phase, the antennas will also be required for transmission of a Spacecraft-to-
Surface Laboratory beacon signal. This multiple usage is achieved by polariza-
tion diplexing in the antennas, combined with frequency channel separation.
It was decided that for high reliability the Spacecraft antennas should be
fixed with no in-flight steering required. Mounting will be such that the bore-
sight directions can be adjusted prior to launch, but they will remain fixed
thereafter. This is necessary since the optimum boresight directions are found
to be a function of the Flight Capsule landing date and Spacecraft orbit incli-
nation because of the varying relationships between Mars and the Sun/Canopus
vehicle attitude reference. The tabulation below shows the range of installation
adjustability to be provided.
Landing
Date
2/2/74
2/2/74
3/24/74
3/24/74
2/2/74
2/2/74
3/24/74
3/24/74
Orbit
Inclination
(deg)
30
60
3O
60
30
60
30
60
Spacecraft
Clock
Angle (deg)
234
222
234
227
210
181
177
165
Spacecraft Cone
Angle (deg)
67
62
93
88
128
113
139
II0
Antenna
Low Gain
Low Gain
Low Gain
Low Gain
Medium Gain
Medium Gain
Medium Gain
Medium Gain
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4.4.2 Trajectory Study
A trajectory study was made to determine the antenna gain requirements for
the Surface Laboratory telemetry between landing and loss of first link a few
minutes later. A number of trajectories, spanning the range of all possible des-
cent trajectories, were studied. A trace showing aspect angle and required gain
throughout the descent is plotted for each of these trajectories. We found that
most of the trajectories co, ld be covered by a single medium-gain elliptical
beam antenna with its wide beam dimension in the orbital plane. The balance of
the trajectories are covered by a low-gain circular beam antenna. Good post-
landing coverage is also provided by these antennas for the 50-hr mission of
1973. The boresight of these two antennas is a function of the Flight Capsule
landing date and Spacecraft orbit. They will be separated by about 65 deg in
the orbital plane. These antennas will be selectable by an RF switch upon com-
mand from the ground.
The constraints resulting from these studies are tabulated.
Low-Gain High-Gain
Parameter
Frequency
Number of Ports
Bandwidth
3-db Beamwidth
Gain, over 3-db Beamwidth
Polarization
4.4.3 Antenna Studies
Antennas Antennas
400 MIlz
2
40 MHz
130 deg
2 dbi, min
RC,LC
400 MHz
2
40 MHz
55x130 deg
5 dbi, min
RC,LC
A number of candidates for the low-gain antenna were examined, including the
cup helix, the cavity-backed crossed slot, the curved dipole turnstile, and the
angular slot. Medium-gain antennas considered were small arrays of the low-gain
candidates, and various configurations of dipoles. These were all evaluated con-
sidering the requirements ]_sted above, and compared on the basis of weight, com-
plexity, proven space use, and sensitivity to the environment.
Gain patterns with isolated small ground planes were used in these compari-
sons. We proposed to mount tbe spacecraft antennas on a boom so the effects of
the craft will be minimized and the pattern will closely approximate the isolated
antenna patterns.
Gain pattern was selected as the most important of the comparison parameters.
For the low-gain application, the cavity-backed crossed slot, with a gain over
130 deg of 2.0 dbi minimum, is the only candidate that meets the constraints. The
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second best pattern is given by the cup dipole turnstile with 0 dbi over 120 deg.
The cavity-backed crossed slot was selected on this basis, although it is somewhat
heavier and larger than the cup dipole turnstile. Commonality with the Flight
Capsule antennas is an additional consideration that supports this selection.
An array of two cavity-backed crossed slots, with half-wave spacing, was se-
lected for the medium-gain spacecraft antenna, again because its gain pattern
most closely approximates the desired pattern. Its 5 dbi contour is 55x130 deg.
Some consideration was also given to the Spacecraft-mounted relay antenna re-
quirement for the longer-duration mission of 1975 and beyond, for which the Space-
craft attitude relative to the planet will have broader variations with time. A
third low-gain antenna may then be added for essentially omnidirectional coverage.
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APPENDIX
I. ENVIRONMENTAL REQUIREMENTS
I,I General
The predicted natural and induced environmental conditions to which the Voy-
ager equipment will be exposed are described in Table A-I. All Voyager equipment
will be designed to withstand and operate during or after exposure to the appli-
cable environments.
1.2 Temperature
The structures and equipment will be designed to reliably withstand without
failure the minimum and maximum operating and nonoperating temperature limits as
defined in Table A-2 during all mission phases. The thermal control operating
limits are based on the ability of the thermal control system being designed to
actively or passively control the equipment within the design qualification limits.
When passive thermal control methods are used the temperature tables provide for
a 25°F operating margin within the minimum and maximum operating limits. When
active thermal control methods are used, a lO-deg operating margin is used. Exter-
nal equipment exposed to space will be exposed to much wider ranges of temperature
extremes and will be thermally controlled as required to operate within the de-
sign qualification thermal limits. In some cases, state-of-the-art limitations
on the thermal operating range of equipment such as power subsystem batteries
will require a deviation from these thermal control margins.
1.3 Acoustics
Acoustics predictions are based on booster excitation sound pressure levels
at lift-off from earth, aerodynamic excitation during Mach 1 - Max Q regions of
flight, and entry. Methods of predicting the expected noise environments of the
vehicle during the various phases of the mission were:
I) Predicted LM Acoustic Environments durinK AS-206, 208, and 210 Liftoff
and Transonic Flight, TIR 580-S-7007. ASD, General Electric, Houston,
Texas
2) Specification SID 64-1344A. North American Aviation, Inc Acoustic Envi-
ronments during Booster EnKine Operation Transonic BuffetinK and Maximum
Aerodynamic Pressure
3) Saturn V Payload Planners Guide. SM-47274. Douglas Aircraft Corporation
A-_
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4) The development and verification of the vibration requirements for the
Apollo Block I Command and Service Modules and adapter
5) Martin Marietta acoustic and vibration prediction techniques based on
theoretical and measured noise environments at launch and during flight
for Titan programs
6) Various reports in the aerospace industry dealing with prediction of
acoustic environments.
Figures A-I thru A-4 present the maximum predicted noise levels as they affect
the vehicle during the various phases of flight.
1.4 Vibration
Vibration, either acoustically excited or produced by direct mechanical trans-
mission through the structure due to an operating propulsion engine, has a part in
defining the specifications for equipment design and test purposes. Conventional
prediction techniques, and comparisons with other space programs have been used
in the derivation of the preliminary random vibration specifications. In addition
to the reference material listed in paragraph 1.3, additional vibration source
information was used.
i) Lunar Module Vibration Environment. United States Government Memorandum
PD5/MI44-16.2
2) Results of LM-I Vibration Tests. Grumman Aircraft Engineering Corporation
LTR-941-11001
3) Vibration Test Information Monopropellant Rocket Engine Assemblies. TRW
Systems 4701.67.MDPO-5.
Vehicle materials weight and structural considerations have been considered
in establishing the random vibration specifications shown in Fig. A-5 thru A-8
for the various phases of the mission. The exposure times were determined from
predicted mission phase durations. The qualification approval test durations are
established at five times the actual flight exposure time. The flight approval
test durations are established at one and one-half times the flight exposure time.
1.5 Shock
When the Planetary Vehicle nose and shroud fairings, sterilization canister,
and thermal barrier are separated by mild detonating fuses, the shock excitation
produces an equivalent maximum absolute response (Fig. A-9). At all other times,
the shock source excitations are pyrotechnic squibs that produce an equivalent
maximum absolute response (Fig. A-10). These shock response spectrums are typi-
cal of shocks occasioned by the use of ordnance devices to actuate valves,
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separate fastenings, or eject equipment. These shock predictions are based on
extensive contractor testing of the Titans and the shock response analyses of
test data. Titan program shock testing has shown that the use of shock spectrum
to specify shock testing rather than the input pulse shape is preferable because:
I) It correlates with the theory of damage
2) It is easier to define tolerance limits, facilitating the checking of per-
formance and specifications
3) Actual service conditions can be reproduced; this versatility has an im-
portant bearing on test economy
4) It allows more latitude to the equipment supplier because any practical
shock testing machine can be used to produce the same shock spectrum.
At present we have chosen to specify the maximum absolute response of 2400 g as
the preliminary specification for all equipment because there are many shock de-
vices and they are widespread in the vehicle. As configuration definition be-
comes finalized, including exact distances from shock source devices and the mate-
rial through which the shock wave is propagated, the specific shock response levels
of some equipment may be decreased.
1,6 Other Environments
Ascent pressure environment, magnetics, Voyager radiation environment, Voyager
meteoroid environment, Mars atmospheric winds, Mars atmospheric properties, Earth
magnetic field, electrical conductive gases, Mars surface conditions and charac-
teristics, elemental composition, Mars surface physical constants are as stated in
SEOO3BBOO2-2A21 (Voyager Capsule Systems Constraints and Requirements Document,
Revision I) and SEOO3BBOOI-IB28 (Voyager Environmental Predictions Document).
Radiation limits associated with the RTG and meteoroid probability figures shown
in Table A-I were determined by Martin Marietta.
1.7 Environmental Design Requirements for Voyager Ground Equipment
These environments were established using the following references:
I) Climatic Extremes for Military Equipment, MIL-STD-210A
2) Terrestrial Environment (Climatic) Criteria Guidelines for Use in Space
Vehicle Development. NASA TMI-53328, 1966 Revision
3) Military Standard Environmental Test Methods for Aerospace and Ground
Equipment. MIL-STD-810A (USAF)
Additional experience in the areas of ground equipment and facilities design was
added by Martin Marietta. Table A-3 defines the environmental design require-
ments for Voyager ground equipment.
A-3
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ENVIlOImlff
TiM
Temperature
Acceleration
Acoustic:
Vibration
Shock
Humidity
_raneporratton: 35 to
160"P
StoraSe: -35 to 160"P
Randlins:
Sterilization any, lev-
el type
Approval: 6 cycles to
275"F for 76 hr/eycle
As packaged for shipment,
all equipment must with-
stand vibration normally
encountered in standard
transportatlon
As packqed for shipment,
aU equipment u_st with-
stand from 0 to 100% tel-
alive hu_idlty. (Ref NASA
TX X-53328)
PRELAUNCH POST-CLE/_-ROOH
OPERATIONS, PLAb_TARY VE-
HICLE OPERATI08S, LAt_CH
pAD OPERATIONS
SUBSYST_, SYSTEM CRECK-
OUT
EnvlronmentaI shelter
trolled to within 60 to
80"F
As normally handled, all
equipment must withstand
ell vibration encountered
in prelaunch
servicing, and checkout
Relative hulldlty in
the environmental
shelter must be con-
trolled to • maximum
of 40%.
Vacuum Sea Level to 15,000 ft Sea Level
(Altitude)
Ilectrommanetlc The control of elect=omasnetic interference (EMI) must be
Interference implemented in accordance with the EP_ control plan to be
prepared by the coatractor and approved by JPL.
ladlarion N/A
Meteoroids M/A
RTG - 1, Maximum whole body
1250 _em/3 mo
2. The combined adJusC_
ttonlc components fl
redlatlon sources mL
particles per squar_
the followlng fsctoi
A° Protons 4.0
E, Neutrons I°0
N/A
Ionized N/A N/A
Gas Sheath
(Electrical
Conductive
Ga***)
Minds N/A [N/A
BOOST T_ROGGH
!TARy VERICLB
INOPERATINC
lynmlc Heating:
|d on - Maximum heat
_ecraft must be 40
lq ft
id off - Maxiu
rodynllc Heat Rate
,t be 24.2 w/sq ft
merit Test Require-
tt - See Interplan-
INTERPLANETARY CRUISE AC-
QUISITION, CRUISE, TRA-
JECTORY CORRECTION, AR-
RIVAL DATA SET
225 NONOPERATING
Days - Maximum
During interplanetary
cruise Flight Capsule
equlpmnt temperatures will
be influenced by solar radi-
ation - Johnson's curve inte-
grated intensity - 130 v/sq
ft to 49.5 w/sq ft dependent
upon sun - vehicle distance.
Deep space radiation sink
of -460"F.
Component test requirement
see Table A-2.
Cudinal 5.6 g at Maximum pitch rate will not
exceed 5 des/set during
thrust, coast, or turn pe-
hq 7.4 g All Axes riods
N/Ab Max For 50 sec
ins Transonic Plight
vlnS Earth External
Shroud
b Max for 50 sec
ernal to Shroud
Req 152 db for 250
Ig. A-1 thru A-4
redtcted random vl-
on specification for
oyaser Fllght Cap-
Mounted equlpment is:
Launch & Transonic
For Qualification Ap-
,royal
Overall - 11.7 S rss
For Flight Avvroval
Overall = 5.85 g rms
See Fig. A-5
Post Transonic & Burn
Qualification Approv-
al
Overall = 1.88 g rms
For Flight Approval
Overall - 0.94 g rms
See Fig. A-6
,redlcted level is
S peak response with
,eak occurring at 2000
Equivalent to 1500 8,
_s, half sine pulse in-
See Fig. A-9
assumed nominal ascent
lure environment is ref.
:ed in paragraph 1.6
The predicted r_ndms vl-
bratlon specifications for
Flight Capsule-Mounted
Equipment are:
Voyager Planetary Ve-
hlcle includlng the
Flight Capsule-
Mounted Equipment
For Qualiflcaticm AD-
Overall = 5.94 g ms
For FlIEht Approval
Overall - 2.97 g rms
See Pig. A-7
S/a
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Table A-1 General Environmental Conditions for Voyager Equipment
JETTISON STERILIZATION- ORBIT INSERTION (MARS) PRESEPARATION SPACECRAPT SEPARATE FI
CANISTER ORBIT TRIM C_CKOUT CAPSULI
NONOPERATING NDHOPERAT INC OPERATING OPERATING
N/A 30 Days 2.6 hr N/A
M/A e/a
Sam as Interplanetary
Cruise
Solar radiation - Johnson's
curve integrated intensity
49.5 to53 w/sq ft
depends on Sun-Mars distance.
Component test requireaent
- see Interplanetary Cruise.
S/A g/a
The predicted 1_
bration level fo
ment mounted on
jacent to the AC
er nozzles is:
For _ualiftcatio
Overall - 12.7 8
For FliEht Aopro
Overall - 6.35;
See Fig. A-8
the remainder of
Flight Capsule
nificant.
N/A
10 "14 torr or less
;mme as Launch Boost,
etc
S/a
10 "14 torr or less
Same as Interplanetary
Cruise
SlA
S/A
Same as interplanetary
cruise
Haximum predictl
ring at 4000 cp_
150U-g, 0.2 ms
put. See Fig.
Same as launch boost
10 "14 tort or less
RIA H/A
10 "14 tort or less 10 "14 torr or I,
se limits sre
fluences entering elec-
s RTC and all natural
t not exceed 10"
centimeter. Origlnal
Jueted, multiplied by
Electrons 0.0133
_. na_ 0.001
Exposure to radiation from
the following:
1. Van Allen Belt
2. Solar flare
3. Galactic cosmic
4. Solar wind
5. Auroral
6. RTC
Meteoroid Shielding Criteria
The electrical conductive
gases environwent and de-
slgu criteria are refer-
anted in paragraph 1.6
S/A
Exposure to radiation from
the following:
1. Galactic comic
2. Solar flare
3. Solar wind
4. Magnetically trapped
S. RTC
1.* The probability of catastrophlc
misslon failure due to meteoroid
penetration must not exceed:
a) 1 in 10.000
b) 3 in 1,000 on Mars surface.
2.* The probability of damage to equip-
merit (noncatastrophic) must not
exceed 3 in 1,000
3.* The probability of loss of steril-
fzation due to meteoroid penetra-
tion must not exceed 14 in 1,000,000.
The mathematical models used to de-
termine the probability of penetra-
tion are referenced in paragraph 1.6.
IN/A I E/A I N/A IN/A
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DEORBIT FLIGNT CAPSULE DESCENT TIL_OUGH ATNOSPI_RE SURFACE LANDING SURFACE ENVII_ONt_IITS
OPERATING OPERATING oPERATING OPERATING
Approximately 9.5 hr 10.8 min N/A 50 hr
Mars entry aerodynamic heating values
are described in paragraph 2.4-2
Component test requirement see Inter-
Component Test Requirement:
Cruise
planetary Cruise
Surface Temperature: -190 to +I20°F
Diurnal Surface Temperature Variation of 180"F
Solar Flux of 169 Btu/sq ft-hr
See Interplanetary
Test require_nt: 22.5 $ all axes
M/A N/A N/A
Equal to less than launch boost
phase
dom vi- The predicted randm vibration levels
equip- are:
rad- 1, For equipment on or adjacent to the
thrust- ACS thruster nozzles, same as stated
under Separate Flilht Capsule.
2. For equipment mounted on the Flight
Capsule other than at the deorbit
engine truss.
ms For Qualification Avvroval
Overall = 1.88 g rms
el of For Fli2bt Avvroval
the Overall = 0.94 g rms See Fig. A-6
trials-
E/^
Test requirement 21 g
each axis
level is 24OO g
peak level occur-
, Equivalent to a
If-sine pulse in-
The acoustic excited vlbrstlon
caused by entering the Mars stems-
phere at s high velocity creates a
predicted random vibration level for
equipment _ounted on the Flight Cap-
sule:
For (_Jalification Approval
Overall - 11.7 g ms
For FllRht _vroval
Overall = 5,85 g ms
See Fig. A-5
N/A
Naxlmum predicted level iS
2400 g response with the peak
level occurrln s at 4000 cps.
gqulvslent to 19OO g, 0.2 1
half-sine pulse input. See
Fig. A-IO
M/A N/A To be supplied
The Nora atmospheric pres- Safer to the atmospheric models
10 "14 torr or less sure vs altitude is (ms- referenced in paragraph 1.6
terial tO be added)
L
Exposure to radiation frm the folloulng sources:
1. Calactic cosmic
2. Solar flare
3. Surface corpuscular
4. WfG
E/A
L
E/a E/A
I N/A Mars atmospheric winds are referenced in paragraph 1.6
PRELAUNCH POST-CLEAN-ROOM
GROUND HANDLING, TRANS- OPERATIONS, PLANETARY VE- LAUNCH BOOST TH[
PORTATION, STORAGE, HAN- HICLE OPERATIONS, LAUNCH PLANETARY VEHI(
MISSION PHASE DLING PAD OPERATIONS SEPARATION
ENVIRONMENT NONOPERATING SUBSYSTEM, SYSTEM CHECK- NONOPERATIN(
Sand & Dust Class I00 clean room at- N/A
mosphere
Salt Fo;.
Sunshine
As packaged for shipment,
all equipment must with-
stand exposure to graded
wind-blown sand and dust.
At KSC. Equivalent to
exposure for 6 hr in a
sand and dust chamber as
described in MIL-STD-SlOA
or NASA equivalent
(Ref NASA TMX-53328)
As packaged for shipment,
all equipment must with-
stand exposure to salt
fog for 168 hr as de-
scribed in MIL-STD-glOA,
Method 509 and NASA TMX-
53328
N/A NIA
Materials that are sus-
ceptible to deteriora-
tion when exposed to
sunshine must not be
used in the design of
the Flight Capsule
Rain As packaged for shipment, N/A N/A
all equipment must with-
stand rain as normally en-
countered at KSC (Ref
NASA TMX-53328)
Atmospheric Earth atmosphere described
Properties by the U.S. Standard At-
mosphere, 1962
Magnetic N/A N/A
Field
The Earth and n
Earth magnetic
is referenced i!
graph 1.6
Albedo N/A N/A Earth integrate
is assumed to b
Earth black-bod
temperature is
Contamination N/A N/A Contamination o
& Corrosion outgassing and
actuators and s
loosened contam,
Capsule and its
ible with or pr
ETO Surfaces requiring de- N/A N/A
contamination will be
exposed to 12% ETO and
88% Freon 12. (JPL
Spec Voi-50503 - ETS)
Electrostatic N/A The Flight Capsule and all its parts must b
Charge bonded to the Spacecraft and to the launch
the Spacecraft to preclude accumulation of
Explosive At-
mosphere
The equipment must not
cause ignition of an
ambient explosive gas-
eous mixture when oper-
ating in such an atmos-
phere
Fungus As packaged for shipment, N/A N/A
all equipment must be
protected from fungi or
be fungus resistant be-
fore sterilization.
Mars Surface N/A N/A N/A
Conditions &
Characteristics
Induced
Magnetics
The induced magnetic en-
vironment is referenced
in paragraph 1.6
Time N/A N/A I hr
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Table A-1 (concl)
INTERPLANETARY CRUISE AC-
QUISITION, CRUISE, TRA-
JECTORY CORRECTION, AR- JETTISON STERILIZATION- ORBIT INSERTION (MARS) PRESEPARATION SPACECRAFT SEPAI_
RIVAL DATA SET CANISTER ORBIT TRIM CHECKOUT CJ
NONOPERATING NONOPERAT ING NONOPERATING OPERATING
N/A N/A N/A N/A
N/A N/A N/A N/A
NIA N/A N/A N/A
N/A N/A N/A N/A
albedo
.36.
assumed
_O°R.
The field strength of
the interplanetary mag-
netic field ranges from
0 to 20 gammas depend-
ing on solar activity.
In the vicinity of 1.0
AU, it averages about 5
gammas. A maximum up-
per limit may be as high
as I00 gammas.
N/A
The Mars magnetic field
iis described by a mag-
inetic dipole with a mag-
netic moment no greater
than I/I00 the magnetic
moment of the Earth.
The Mars albedo is ref-
erenced in paragraph 1.6
:the planetary vehicle may result from
moking of the fairing, from pyrotechnic
,aration devices, or from vibration-
mnts within the fairing. The Flight
_terilization canister will be compat-
tected from this environment.
.electrically
ehicle, via
tatic charge.
N/A g/^ N/A N/A
NIA NIA N/A 'NIA
1225 day ..... imum ]N/A I 30 days I 2.6 hr I N/A
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_ FLIGHT DEORBIT FLIGHT CAPSULE DESCENT THROUGH SURFACE lANDING SURFACE ENVIRONMENTS
SULE ATMOSPHERE
OPERATING OPERATING OPERATING OPERATING
N/A Partical size rangin 8 from [ to I000 microns
as blown by Mars winds.
TING
N/A N/A N/A N/A
la
H/A N/A N/A NIA
N/A N/A N/A Atmospheric Models (para
1,6) will be used
in Flight Capsule
N/A
See sand & dust
N/A N/A N/A N/A
t-
i
! N/A N/A N/A N/A
N/A N/A The Mars surface conditions & characteristics
are referenced in parasraph 1.6
[ approximately 9.5 hr [ 10.8 rain [ N/A ] 50 hr
Table A-2
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Component Thermal Design Qualification Limits
Surface Laboratory System
A-15
Description
Structures and Mechanisms Subsystem
Basic Frame
Mounting Provisions
Sterilization Assy Level Type Approval
(Qualification) 6 cycles to 275°F for
76 hr/cycle
Thermal Control Subsystem
Insulation-Foam
PCM Material
Heaters
Electrical Thermal Switches (Internal)
Electrical Heaters, External Science
Electrical Thermal Switch, iExternal Science
Sterilization Assy Level Type Approval
(Qualification) 6 cycles to 275°F for
76 hr/cycle
Command and Sequencing Subsystems
Sequencer/Timer
Command Decoder
Sterilization Assy Level Type Approval
(Qualification) 6 cycles to 275°F for
76 hr/cycle
Landed Science Subsystem
Experiments & Sample Acquisition
Sonic Anemometer
Diaphragm Pressure Transducer
Hygrometer
Platinum Resistance Thermometer
Alpha Scattering Spectrometer
Gas Chromatograph/Mass Spectrometer
Radiometer
Metabolism Detector
Multiple Biological Analyzer
Temperature Limits (°F)
Operating Nonoperating*
Min Max
-200 300
-200 300
-200 200
80 90
0 176
0 200
0 176
15 145
15 145
-200 300
-200 300
-200 300
-200 300
0 125
97 420
-40 210
-200 300
85 90
Min Max
-200 300
-200 300
-320 300
-I00 300
-35 275
-35 275
-35 275
-35 275
-35 275
-200 300
-200 300
-200 300
-200 300
-200 300
-210 275
-65 325
-200 300
40 275
*During interplanetary cruise phase, nonoperating limits within the thermal
barrier are approximately 50-60°F.
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Table A-2 (cont)
Description
TV Camera
Drill & Sample Elevator
Sample Processor & Distributor
Atmospheric Gas Collector
Instrument Electronics
Drive Motor Assemblies
Science Data Subsystem
Digital Data Collection Unit
Analog Data Collection Unit
Data Storage & Control
Central Data Processor
Power Converter
Power Distribution Units
Sterilization Assy Level Type Approval
(Qualification) 6 cycles to 275°F for
76 hr/cycle
Telemetry Subsystem
Transducer Power Supply
Multiplexer, Battery Measurement
Signal Conditioner
Data Encoder, Normal
Data Encoder, Backup
Sterilization Assy Level Type Approval
(Qualification) 6 cycles to 275°F for
76 hr/cycle
Communications Subsystem
Direct
Transponder, S-Band, Dual
Power Amplifier, S-Band
Command Detector, Dual
Modulator Exciter, Dual
Modulator, MFS
Antenna Switch
High-Gain Antenna
Low-Gain Antenna
Diplexers
Temperature Limits (°F)
Operating
Min Max
60 105
-65 175
-65 175
-200 300
15 145
-225 260
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
-200 300
-200 300
15 145
Nonopera ting*
Min Max
5 275
-125 275
-125 275
-200 300
-35 275
-225 300
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-35 275
-200 300
-200 300
-35 275
*During interplanetary cruise phase, nonoperating limits within the thermal
barrier are approximately 50-60°F.
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Table A-2 (cont)
Description
Relay
Transmitter, UHF
Receiver, Beacon
D-HF Antenna
Antenna Coupler
Sterilization Assy Level Type Approval
(Qualification) 6 cycles to 275°F for
76 hr/cycle
Power Subsystem
Equipment
Battery Equipment
Battery Pyrotechnic
Power Transfer Switch
Load Control Assy
Diode Isolation Assy
Shunt
Isolation Network Assy
Isolation Resistor
Pyrotechnic, Surface Laboratory
Safe/Arm Assy
Squib Firing Circuit Assy
Current Limiter Assy
Sterilization Assy Level Type Approval
(Qualification) 6 cycles to 275°F for
76 hr/cycle
Temperature Limits (°F)
Operating Nonoperating*
Min Max
15 145
15 145
-200 300
-200 300
50 I00
50 I00
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
15 145
-65 176
Min Max
-35 275
-35 2 75
-200 300
-200 300
40 2 75
40 275
-35 2 75
-35 275
-35 275
-35 • 2 75
-35 2 75
-35 275
-35 275
-35 275
-35 2 75
-65 2 75
Pyrotechnics Subsystem
Miscellaneous Cover Releases
Masts and Booms
Sterilization Assy Level Type Approval
(Qualification) 6 cycles to 275°F for
76 hr/cycle
[
*During interplanetary cruise phase, nonoperating limits within the thermal
barrier are approximately 50-60°F.
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Table A-2 (concl)
Cabling Subsystem
Main Harness Wire
Coaxial Cabling
Hardware, Mounting
Connectors
Sterilization Assy Level Type Approval
(Qualification) 6 cycles to 2750F for
76 hr/cycle
Temperature Limits (°F)
Operating Nonoperating*
Min MaxMin Max
-200
-200
-300
-I00
300 -200
300 -200
300 -300
300 -i00
300
300
300
300
*During interplanetary cruise phase, nonoperating limits within the thermal
barrier are approximately 50-60°F.
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Table A-3
Transportation,
Storage, HandlingLocation Air Conditioned Areas
Environment Nonoperating Operating Operating Operating
Temperature a) (1)a)
Environmental Design Requirements for Voyager Ground Equipment
Sheltered Areas (I) Open Areas
Enclosed by (2) Roofed by Un-
Roof & Walls walled Areas
Kennedy Space
Center:
Maximum - 105°F
Minimum - 25°F
Denver:
Maximum - 105*F
Minimum - 25°F
World-wide
(DSIF):
TBS
Kennedy Space
Center:
Maximum - 160°F
Minimum - 25°F
b) Denver:
Maximum - 160*F
Minimum - -25°F
c) World-wide (DSIF):
TBS
(2)a) Kennedy Space
Center:
Maximum - I05°F
Minimum - 25°F
b) Denver:
Maximum - 105°F
Maximum - -25°F
c) World-wide (DSlF):
TBS
All equipment must
withstand tempera-
tures of -35 to
160°F
Surrounding air tem-
perature controlled
to:
Maximum- 90°F
Minimum 40 °F* b)
c)
Humidity
Pressure
(Altitude)
Vibration
Shock
As packaged for
shipment, all equip-
ment must withstand
from 0 to 100% rela-
tive humidity with
condensation
Maximum - 15.4 psi
(-1300 ft)
Minimum - 1.68 psi
(50,000 ft)
As packaged for
shipment, all equip-
ment must withstand
vibration normally
encountered in
standard transpor-
tation
As packaged for
shipment, all equip-
men% must withstand
shock normally
encountered in
standard transpor-
tation
Relative Humidity:
90% Maximum
I0% Minimum
Maximum - 15.4 psi
(1300 ft below
sea level)
Minimum - 7.1 psi
(18,000 ft above
sea level) _
N/A
N/A
Relative Humidity:
100Z Maximum
0% Minimum
Maximum - 15.4 psi
(1300 ft below
sea level)
Minimum - 7.1 psi
(18,000 ft above
sea level) %
N/A
N/A
Relative Humidity:
lOOZ Maximum
0Z Minimum
Maximum - 15.4 psi
(1300 ft below
sea level)
Minimum - 7.1 psi
(18,000 ft above
sea level)*
N/A
N/A
Acoustics N/A TBS TBS TBS
Salt Fog N/A N/AAs packaged for
shipment, all equip-
ment must withstand
exposure to salt fog
for 168 hr as de-
scribed in MIL-STD-
810A, Method 509 &
ammended by NASA
TMX-53328
Equivalent to exposure to
salt fog for 168 hr as de-
scribed in MIL-STD 810A &
ammended by NASA TMC-53328.
(Nonoperating)
*Where necessary to satisfy requirements of certain equipment, this minimum temperature may need to be raised.
%Where necessary to satisfy requirements of certain equipment, these limits may require closer control.
%Where necessary to satisfy requirements of certain equipment, this altitude limitation may be reduced.
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Location
Environment
Rain
Fungus
Transporation
Storage, Handling
Nonoperating
Table A-3 concl)
Sheltered Areas
Enclosed by
Air Conditioned Areas Roof & Walls
Operating Operating
N/A
As packaged for
shipment, all equip-
ment must withstand
rainfall of 7 in./
hr for 2 hr as de-
scribed in MIL-STD
810A & ammended by
MIL-STD-210A
N/A
(I) Open Areas
(2) Roofed but Un-
walled Areas
Operating
I) Equivalent to rain-
fall of 7 in./hr for
2 hr as described in
MIL-STD- 810A & ammended
by MIL-STD-210A. (Non-
operating)
2) N/A
Sand & Dust
Explosive
Atmosphere
Sunshine
Electro-
magnetic
Interference
i
As packaged for
shipment, all equip-
ment must withstand
exposure to fungus
equivalent to 28
days in a fungus
chamber as de-
scribed in MIL-STD-
810A & NASA TMX-
53328
AS packaged for
shipment, all
equipment must
withstand ex-
posure to sand &
dust as described
in MIL-STD-210A
N/A
Unpackaged mate-
rials must with-
stand sunshine
N/A
N/A Equivalent to 28 days in a fungus chamber (nonoper-
sting) as described in MIL-STD-810A & NASA TMX-
53328
N/A N/A Equivalent to exposure to
sand & dust as described
in MIL-STD-210A (nonoper-
ating)
N/A The equipment must not ignite an ambient explosive
gaseous mixture when operating in such an atmos-
phere
N/A N/A I) Materials must with-
stand sunshine.
2) N/A
The equipment must not malfunction nor show out-of-tolerance conditions
as a result of internal or external electromagnetic interference.
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